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Chapter 1
Introduction: Meeting the Challenge of Change

Volker Wulf, Kjeld Schmidt, and David Randall

There is little doubt that insights gleaned from the turn to the ‘social’ (whatever that
might mean) have had a profound impact on the development of information and
communication technologies (ICTs). As was reported many years ago by Bannon
(1991), there was a major epistemological shift away from the ‘human factors’
approach which privileged ‘usability’ issues towards problems which seemed, at
first glance, more intractable. These included, for brief mention, the problem of
how ICTs might fit, or otherwise, into complex organisational contexts (see, e.g.
Grudin 1990), how they might support interaction between different individuals
and groups who might not be co-located and how coordinative and cooperative
functions of various kinds might be supported. A range of by-now familiar (even
classic) literature addressed various issues that attended on this shift, including
how best to conceptualise the field (Schmidt 1991; Schmidt and Bannon 1992),
what perspectives might prove fruitful for analysis (see, e.g. Hughes et al 1992,
1993; Heath and Luff 1991; Dourish 2001), what methodologies might be usefully
deployed (see, e.g. Randall et al. 2007), what a developing corpus of studies might
reveal (Heath et al. 2000) and what the consequences overall for our picture of infor-
mation systems might be (see, e.g. Lamb and Kling 2003). It is not unreasonable to
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2 V. Wulf et al.

suggest that these insights, insights which were largely promoted within the field
of computer-supported cooperative work (CSCW), have had an influence in many
different contexts. One only has to look at, for instance, the way in which ‘ethno-
graphic’ approaches have become commonplace in any number of design- related
areas. Having said that, these largely academic changes have not been accompanied
by wholesale acceptance in the commercial and industrial world. Moreover, the
greatly accelerating pace of change means that as fast as we reconceptualise our
analytic problems, we are confronted with new ones. Few of us dealing with the
way new technology had organisational and interactional consequences foresaw
the development of, and huge consequences of, the World Wide Web. The various
chapters in this book, therefore, constitute attempts to grapple with these themes.

Firstly, although the last 25 years or so have seen a paradigm shift in the
academic computing field, one which increasingly anchors technology design in
social practice, this shift has not for the most part been translated into an equal
shift in emphasis in the commercial/industrial world. More specifically, how to deal
with the problem of situated study with large and complex settings in relation to
commercial interests remains arguably under-examined. Organisational interests,
regardless of this shift, largely remain vested in engineering or ‘scientific’ models of
computing and the production of generic software applications. This incompatibility
of agendas is substantially a result of two related factors. We have an incomplete
understanding of the real-world problems entailed in marrying academic and
organisational interests. We need to understand and implement processes which see
the real needs of industry, commerce, 3rd sector interests and the academy merged in
realistic and fruitful ways, especially in a context where rapidly evolving technical
and social changes will further problematise our assumptions.

Secondly, the ‘situated’ approaches to computing that CSCW treats as founda-
tional have yet to generate realistic solutions to the problems of comparison and
generalisability. We take the view that most work in this area remains top-down and
theoretically abstract. It ought to be a source of concern that after 25 years of work,
there remains no consensus over the relative merits of, for instance, activity theory,
ANT, distributed cognition, ethnomethodology and so on, in relation to real-world
design. There is a demonstrable lack of any systematic approach to the problem
of adequate generalisation and of an approach which integrates notions of practice
with wider concerns. That is, how we best move from the single, situated, case study
towards an empirically founded conceptual framework that serves real-world design
needs remains a pressing problem.

Thirdly, these issues become more pressing in a context now compounded by
the sheer pervasiveness of IT artefacts such that they touch on every aspect of
our work, organisational and social lives. Technological developments such as
the rise of digital media, mobile technology, cloud computing, open source, Web
2.0, mash-ups, collaborative environments, massive multiplayer gaming systems,
recommender systems and the rapid dissemination and take-up of social software
sites such as YouTube, Facebook, Twitter, Snapchat and WhatsApp have accelerated
the trend towards complexity. Despite this, IT design, development and evaluation
remain bedevilled by a lack of consensus as to appropriate mechanisms for
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understanding how best to situate new hardware and software in rapidly changing
socio-digital ecologies. We need to make some progress towards new architectures
and new philosophies which might underpin them.

Fourthly, there has been a developing recognition that the ‘engineering’ paradigm
mentioned above is singularly ill equipped to deal with the progressive move of
design interests into a world saturated with interests, values, preferences, hetero-
geneous worldviews and so on. The notion of the ‘value centred’ (e.g. Friedman
et al. 2006; LeDantec et al. 2009) and how best to incorporate ethical positions into
the design process itself has, of course, exercised researchers since the very early
days of participatory design (PD). Exactly how this incorporation is supposed to
take place, given the other changes rehearsed above, however, remains an obdurate
problem. Associated with this is the problem of the long term. Academic research
does not always deal in long-term or sustainable outcomes. Of course, we do not
wish to tar all academic work with the same brush, but most practitioners would
recognise that ‘end of project’ decision-making can have a profound effect on the
people we work with and — if honest with ourselves — we would accept that we have
not always found a means to act in a fully responsible way.

The various chapters in this book therefore elaborate on a design-oriented
research agenda which tries to close the gap between organisationally mandated
approaches to technical development on the one hand and ‘social impact’ studies
on the other, recognising the huge social and ethical impact that new technology
can have and asking how we can best deal with this. The book consists of three
main parts. The first part consists of contribution representatives from industrial
and commercial partners such as SAP and Hitachi, who are interested in, and see
a need for, a better articulation of the themes we mention above and suggest ways
in which they are dealing with them. As Beringer and Latzina (Chap. 1) argue,
there is a need for an ‘extended and systematic’ response to industry’s demands.
They suggest that the design of IT artefacts has been focused for the past 50 years
on a design rationale which implies that a ‘perfect’ and generic design solution for
supporting a given set of use cases exists. With the emergence of mobile technology,
Web 2.0 networked solutions and semantic technology, this simple design equation,
they argue, has been challenged. The design of next-generation products will need
to take into consideration the interaction of the IT artefact with the entire context
of use including social life and society. This notion of social embeddedness implies
a bidirectional interaction model forming a symbiosis between IT artefact and its
context of use. To reach this level of immersion and adaptivity, the design of the
IT artefact has to reflect the elastic and flexible uses that will evolve over time.
Their chapter, then, discusses some of the ways in which large information service
providers are meeting these challenges. In Chap. 2, the same authors exemplify
their insights with a discussion of the design of enterprise resource planning
(ERP) systems. These ‘one-size-fits-all’ applications are, as they say, ‘increasingly
challenged by small fit-to-purpose productivity applications that are designed
for very specific use cases’. ERP content, as it becomes increasingly pervasive,
will necessitate significantly more adaptability of functionality and content. They
propose an approach to the design of interfaces for business applications which they
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term ‘elastic’. Elasticity means that applications must be seamless in supporting the
user across both routine and knowledge-intensive working modes.

Chapter 3, by Kashimura et al. of Hitachi, deals with empirical cases and how
best to approach the problem of generalisation from them in a context where real-
world pressures necessitate the use of some ‘shorthand’ devices. The pressures
include the fact that the design life cycle is now much shorter, that ‘design’ has
become an increasingly polymorphous concept (with product, system and ‘future
concept’ designers in this organisation working together with ethnographers) and
that ethnographers require a level of training and expertise that is not always easy to
find at short notice. They draw on Christopher Alexander’s notion of patterns in an
attempt to do two things. Firstly, to provide a language for doing comparative work
across different settings in similar domains. They use maintenance and adaptive
engineering as an example that enables designers, firstly, to grasp the specificities of
engineering contexts and the more generic issues that are to be found and, secondly,
to provide a framework that new and inexperienced ethnographers can readily
adapt to.

The second part of the book reflects on the challenge of change and more
specifically on how we might deal with complex environments in transformational
conditions. In Chap. 4, therefore, Giorgio De Michelis examines the way in which
the ‘paradigm shift’ towards a concept of practice affects our understanding of how
IT artefacts should function. He argues that today such artefacts are largely task
oriented despite the fact that practices have to be understood contextually. The fact
of increasingly knowledge-intensive work makes this especially pressing. Socially
embedded applications cannot be solely based on functions and features; rather,
they need to be based on the new paradigm of ‘situated computing’, one which
integrates task and sociality. This paradigm will necessitate support for identity
work, continuity of purpose and the mechanics of sociality. It implies granting
to users opportunities for ‘radical (disruptive) innovation’ and at the same time
providing for ‘maximum continuity’.

Thomas Herrman and Gerhard Fischer, in Chap. 5, further develop their notion of
‘meta-design’. Meta-design concerns the way in which the interests and purposes of
various stakeholders need to be aligned in such a way that they can participate in the
design process — to act as designers. The chapter examines five different principles
that need to be explored/addressed if this is to be successfully done. The principles
they discuss are (1) cultures of participation, (2) empowerment for adaptation and
evolution, (3) seeding and evolutionary growth, (4) under-design of models of socio-
technical processes and (5) structuring of communication. They use the example of
service integration and coordination for elderly people to illustrate their points.

Wulf et al. (Chap. 6) suggest design case studies ‘as a method to examine
similar complexities’. Comparing a set of design case studies, they elaborate on
the concept and develop methodological insights. The authors, along with other
contributors, are also concerned with the problem of transferability and how it
is to be managed through qualitative approaches to data collection, analysis and
design. They argue that design case studies, on their own, are very specific and
unique in respect of socio-technical setting, time and project communication. They
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propose an approach to conceptualisation that reflects similarities and differences in
organisational environments and elsewhere, but which is specifically contrasted to
what they term ‘large-scale’ theoretical claims.

Christensen and Bertelsen take a slightly different view in Chap. 7. They
make the point that the kinds of rhetoric associated with CSCW and its interest
in contextuality are challenged by more scientific understandings of the design
process, such as those emanating from design science. In order to enter into dialogue
with such practices, they suggest the reintroduction of some notion of causality into
CSCW thinking. They further argue that this has the merit of placing an emphasis
on the material aspects of the socio-technical, something which is often under-
examined. The importance of this argument, they suggest, is that the influence
of the social sciences has provided us with a series of micro-studies but no way
of challenging the scientific/engineering discourses. They draw on the concept of
manipulability, first proposed by von Wright, in order to demonstrate their argument
that this provides a basis for adequate generalisation.

Chapter 8 is by Lewkowitz and Salembier from the University of Technology of
Troyes in France who are again concerned with complexity, but a complexity which
comes both from the domains under examination and from the different disciplinary
interests which are brought to bear. Their point is that multidisciplinarity has often
been honoured in the breach. They recount their ten-year experience of team-
based enquiry predicated on the analysis, modelling and design of cooperative
ensembles in a wide span of settings in what they argue is a genuinely integrative,
multidisciplinary approach. They describe processes of understanding, translation
and testing which together form a systematic approach to design and evaluation.

Part III specifically concerns design issues. De Michelis, in Chap. 9, reflects on
the experience of designing ‘itsme’, an operating system concept where users are
people with a well-defined profile. He argues that new concepts which might replace
the venerable ‘desktop’ metaphor are necessary in order to cope with new and
innovative practices. The business of searching, sorting and otherwise organising
work is now more, rather than less, difficult. Developing and implementing new
metaphors, however, is not straightforward. The chapter reflects on the design of a
socially embedded operating system for workstations which aimed to exploit the
potential of cyberspace for work and business. The aim was and is to provide
users with easy and intuitive ways to deal with the problems people encounter
while managing their actions and interactions, but involves breaking the boundaries
between developers and users in new, industry-focused ways.

In Chap. 10, Federico Cabitza and Carla Simone argue that there is still a gap
between users’ practices and the affordances of the ICT technology. Field studies,
they say, continue to demonstrate that the procedures and methods that work in
specific domains have evolved without any serious reflection on the relevance of
these studies to wider practice. They argue that neither engineering metaphors nor
‘post-engineering’ approaches, like ‘user-centred design’, ‘participatory design’ and
the like, guarantee design. In a radical take on the relationship between what are
historically viewed as the distinct categories of ‘user’ and ‘designer’, they argue
for a more or less complete collapse of that distinction and, allied to this, careful
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reflection on the relationship between methodologies for the investigation of the
patterns of use, on the requirements elicitation and on the technical features of
the applications themselves and the technological infrastructure on which they are
based.

Weiss et al. describe the methodological challenges faced when researching non-
traditional and ‘challenging’ environments (Chap. 11). Specifically, observational
practices of the kind typified by ‘ethnographic’ work, they suggest, are not easy to
carry out in certain environments, and hence, some rethinking of the way in which
data is collected and analysed is necessary. They focus on two such environments:
the highly context-dependent automotive environment and the complex context of
a semiconductor factory. They outline general challenges posed for exploratory
research, such as environmental constraints (e.g. clean room conditions in the
factory and limited space in the car) which imply the need for new and sophisticated
methods to support interaction design.

Geraldine Fitzpatrick looks at Ambient Assisted Living (AAL) and telehealth
contexts which are receiving increasing industry and research attention and which
take advantage of maturing and increasingly ubiquitous wireless, mobile and sensor-
based technologies. She argues for a conceptual rethink in these areas. In Chap. 13
she shows that ‘utopian’ visions of support for assisted living and healthcare in
general are largely driven by technological visions which have relatively little to do
with understanding how such technologies come to be situated in everyday life and
healthcare practice and what their potential is for enhancing new ways of living into
older age. She outlines ways in which these new technological possibilities both
challenge and provide new opportunities to redefine some fundamental notions: of
patients and clinicians, of home and hospital caring and of growing old and living
with chronic disease.

Part IV — Social and Organisational Complexity — further examines issues of
organisational complexity visible already in some of the work described. Chapter 14
describes how, in the context of healthcare and elsewhere, it is possible to develop an
approach to practice-based research which examines the nature of intervention and
the various roles that are performed in that process. It is argued here that the nature
of intervention and the ethical issues it poses are not fully understood, theoretically
or empirically. Interventions are typically conceptualised differently in different
disciplines. The main argument is that ‘interventions’ cannot be viewed as fixed and
static packages to be picked off the shelf and used in any context. Rather, research
interventions are socially embedded and context dependent.

Chapter 15 by Ackerman et al., from the University of Michigan, draw on a case
study of Flint in Michigan, an impoverished and depressed economic location. They
examine how health programs in communities are deeply embedded in their social
context and in local practices and hence how, in order to create useful informational
or technical programs, one must understand the ecologies of community members’
practices, members’ beliefs, medical and institutional structures surrounding their
practices, as well as the disease itself. The case study focuses on diabetes and
depression treatment/management in the area and emphasises how social conditions
play an important role in defining assumptions about medical treatment.
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In the final chapter, Bolmsten and Dittrich argue that the progressive inter-
weaving of technology and everyday shop-floor practice has to allow for ‘use in
design’ and ‘design in use’. This puts considerable onus on IT management in the
organisation as it attempts the business of integrating the two. They argue for a
‘compatible’ IT management at the organisational level which can capitalise on the
creativity and innovative capacity of employees working on the shop floor. This
is necessary if design of technical support anchored with employees’ practices is
to become sustainable in organisations. The chapter reports on a long-term action
research study of how an organisation can leverage the capabilities of shop-floor IT
development on the organisational arena.

All of the chapters in the book reflect a recognition that increasing organisational,
technological and social complexity, allied to the sheer pace of change, requires
us to rethink some of our dearest assumptions when dealing with situations in
these arenas. The agenda we support here is one which moves us away from the
‘small scale’. While all the editors are supporters of the use of detailed qualitative
enquiries of one kind or another in order to understand better how work practices and
technological development are necessarily interwoven, they all agree that our ability
to adjust to new conditions, to defend our position against other robust formulations
of the design problem and to recognise the real-world interests in cost reduction
changes management as being a relevant backdrop to our concerns.

Acknowledgements This book emerged in the context of founding the European Society of
Socially Embedded Technologies (EUSSET). At the occasion of the 50th birthday party of one of
the editors, founding members of EUSSET met at Fraunhofer FIT and the University of Siegen for
a research colloquium. Over quite some time and rounds of mutual reviewing, the book developed
its current shape.

We are highly indebted to Juri Dachtera, whose current academic work centres on under-
standing and supporting the EUSSET community. His engagement offered invaluable input for
this book. We also wish to thank Andrea Bernards and Kathrin Zimmermann for perfectly
organising the very pleasurable events in St. Augustin and Siegen. Marietta Krenzer-Grib and
Rachel Schneider supported the editing process and provided us with a well-working organisational
environment. Without their continuous support, this endeavour would have hardly been possible.

References

Bannon, L. (1991). From human factors to human actors: The role of psychology and human-
computer interaction studies in system design. In J. Greenbaum & M. Kyng (Eds.), Design at
work: Cooperative design of computer systems (pp. 25—44). Hillsdale: Lawrence Erlbaum.

Friedman, B., Kahn, P, Borning, A., & Huldtgren, A. (2006). Value sensitive design and
information systems. In P. Zhang & D. Galletta (Eds.), Human-computer interaction and
management information systems: Foundations advances in management information systems
(Advances in management information systems, Vol. 5, pp. 348-372). Armonk: M.E. Sharpe.

Dourish, P. (2001). Where the action is: The foundations of embodied interaction. Cambridge: MIT
Press.

Grudin, J. (1990). The computer reaches out: The historical continuity of interface design.
In CHI’'90 proceedings of the SIGCHI conference on human factors in computing systems
(pp. 261-268). New York: ACM.



8 V. Wulf et al.

Heath, C., Hindmarsh, J., & Luff, P. (2000). Workplace studies: Recovering work practice and
informing system design. Cambridge: Cambridge University Press.

Heath, C., & Luff, P. (1991, September 24-27). Collaborative activity and technological design:
Task coordination in London Underground control rooms. In L. Bannon, M. Robinson,
& K. Schmidt (Eds.), ECSCW’91. Proceedings of the second European Conference on
Computer-Supported Cooperative Work, Amsterdam (pp. 65-80). Dordrecht: Kluwer Aca-
demic Publishers.

Hughes, J. A., Randall, D., & Shapiro, D. (1992). Faltering from ethnography to design. In J. Turner
& R. Kraut (Eds.), Proceedings of CSCW’92 conference on computer-supported cooperative
work (pp. 115-122). Toronto: ACM Press.

Hughes, J. A., Randall, D., & Shapiro, D. (1993). Designing with ethnography: Making work
visible. Interacting with Computers, 5, 239-253.

Lamb, R., & Kling, R. (2003). Reconceptualising users as social actors in information systems
research. MIS Quarterly, 27(2), 197-235.

Ledantec, C., Poole, E., & Wyche, S. (2009). Values as lived experience: Evolving value sensitive
design in support of value discovery. Proceedings of CHI’09. Boston: ACM Press.

Schmidt, K. (1991). Riding a tiger, or computer supported cooperative work. In Proceedings of the
2nd European conference on CSCW. Dordrecht: Kluwer.

Schmidt, K., & Bannon, L. (1992). Taking CSCW seriously: Supporting articulation work,
Computer Supported Cooperative Work (CSCW). An International Journal, 1(1-2), 7-40.



Part I
The Business Perspective



Chapter 2
Socially Embedded Technology: The Pathway
to Sustainable Product Development

Jorg Beringer and Markus Latzina

2.1 Introduction

The design of IT artifacts has been focused for the past 50 years on delivering
products that serve the needs of a particular set of end users. User-centered design
methods relating to the design of IT artifacts have evolved in both the academic
context, in fields such as HCI, and in the commercial context. Both share a common
commitment to the analysis and understanding of stakeholder requirements. The
underlying rationale of such methods was that there exists a “perfect” design
solution for supporting a given set of use cases and that the shipped design should
reflect this as much as possible to guarantee product success.

However, with the emergence of mobile technology, Web 2.0 networked solu-
tions, and semantic technology, this simple design equation has been problematized.
Today’s consumer applications actively connect users and their knowledge in
order to seed highly engaged user communities and leverage the wisdom of the
crowd. Such social applications are not stable by definition and require continuous
adjustments and improvements to stay in sync with their respective communities.
The design focus of these next-generation products goes well beyond designing for
a single user interacting with a single system.

This paradigm shift also penetrates into large enterprises in terms of new
demands for running their business. Besides high productivity and efficiency,
enterprises must also pay attention to their agility to implement change and to
respond to novel market opportunities or disruptive technologies by adapting
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business processes or changing entire business models. While service-oriented
software architecture is an important enabler for quickly reorganizing the technical
support of business processes (Dorner et al. 2009), the most dramatic change
happens on the side of the end user. IT departments, previously specializing in
automating business processes with the help of standard ERP software, are now
aiming to provision knowledge workers with modern consumer-grade productivity
tools which are conducive to decision making in the concrete contexts of particular
business situations. Fundamentally, this extends the charter of IT departments
in large enterprises from enabling and automating business processes to also
augmenting people’s work (Schrage 2005) (Fig. 2.1).

The ERP market is drifting from a monolithic process enablement approach
to a hybrid approach which involves empowering a network of users to accom-
plish collaborative business tasks. This shift from a mechanical-object ethos to
an organic-system ethos (Dubberly 2008) forces ERP vendors to enable new
consumption patterns and channels in order to allow users to contextually access
relevant business information and share outcomes with other colleagues. This in turn
forces IT departments to adopt a more user-centric approach to adapting standard
software since the system design must be tailored to the situational needs of the end
user and not just the functional requirements of a user-agnostic business process
model. This is a fundamental change and in line what Dubberly describes as the shift
from an expert-driven approach to a more user-centric approach, which in case of
generative tools becomes a participatory design approach aiming at enabling users
rather than canonically imposing a standard solution (Sanders 2008).

This notion of social embeddedness implies a bidirectional interaction model
forming a symbiosis between the IT artifact and its context of use. To reach this
level of immersiveness and adaptivity, the design of the IT artifact cannot anymore
be considered to remain static after deployment; rather, it needs to be conceived as
elastic and flexible to evolve over time during its use. This notion of sociotechnical
information systems (Taylor 1998) and design for appropriation and continuous
change (Fischer and Giaccardi 2006) has been—of course—the focus of many
academic publications and involves various research streams, design theories, and
case studies. However, this eclecticism of method and theory makes it difficult to
apply to industrial product design (Wulf and Rohde 1995).
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The mission of the newly founded European Society for Socially Embedded
Technologies (EUSSET) is to bring together research streams that inform the design
of such sociotechnical systems and help to understand the dynamics of adopting
and using IT artifacts beyond the simple interaction with a static user interface. As
such, EUSSET is a catalyst for existing research results, but also aims to drive new
research topics focusing explicitly on the design of socially embedded technology
(Wulf et al. 2011).

2.2 Products That Transform Life

In the end, all products are socially embedded since they are used by one or
several people. The analysis of social context is already the “best practice” of most
user-centered design methods. Spearheaded by Contextual Design, the modeling of
stakeholder networks (the role model) and socially defined motivational factors (the
cultural model) became industry standard for understanding task domains (Beyer
and Holtzblatt 1998). So, what is EUSSET adding to the equation?

EUSSET is the response to the extended and systematic demand in the IT
industry to understand thoroughly the context of use of its products. There are a
number of industry trends that all demand a deeper understanding of the interaction
of IT software solutions with larger social systems and they are as follows:

Extended reach: With new cloud technology and the extended functionalities of
mobile devices, virtually all users in all contexts can be reached at all times.
Software vendors can inject IT artifacts into private life at home, at work, and
in public. Software vendors try to invent products that quickly become part of
daily practices in an increasingly ubiquitous way. The pressure to innovate and
penetrate into those contexts requires the industry to think about how to address
IT artifacts that support existing practices or even seed new practices. Many
times, those practices are interwoven with social networks. In private life, these
networks normally implicate family members, friends, and partners. At work, in
contrast, solutions have to address social processes within formal and informal
team structures and the dynamics of communities. Designing for one user alone
feels outdated.

Ubiquitous computing: With more processing capabilities and the ability to seam-
lessly adjust to environmental conditions, IT artifacts can be fully integrated into
everyday environments and activities. This level of integration is only possible if
the functionality is coherent with the situation of use. Often such IT artifacts are
equipped with sensors and machine learning algorithms to learn over time and
automatically adjust to idiosyncratic preferences and patterns of use.

Viral spreading: Since Web 2.0 demonstrated how products can seed and serve large
social networks, the identification of principles that facilitate the viral spreading
of applications has been the focus of a number of case studies. As viral spreading
takes place within the social context of the product use, the analysis of this



14 J. Beringer and M. Latzina

context and the instrumentation of social relationships becomes an important
accelerator for product adoption. Optimizing the “coolness factor” turns out to
be a profitable design goal to improve product attractiveness and user acceptance
(Holtzblatt 2011). As coolness is a subjective quality that is primarily defined by
the social value system of users, it becomes obvious that the design focus extends
from the user interface to the overall product performance within a larger social
context.

Mass adoption: Taking successful Web 2.0 solutions as the reference, many software
vendors aim for mass adoption of their product with high degree of “stickiness”
and significant network effect. The product must resonate quickly with users
and create a demand pull due to coolness and/or relevance. As such, the product
experience and go-to-market approach must be optimized to resonate with users
and allow for quick and risk-free adoption in various contexts.

Social entrepreneurship: With the trend to social responsibility and sustainability,
the success of products is not only measured by their profit and market
performance but by social and environmental goals. The recognition of a social
problem and the achievement of social change are the ultimate goals. The IT
artifact is only a tool to achieve this overarching goal and as such becomes a
technical design component within a larger sociotechnical environment.

Behavioral change: While traditionally information systems are designed to support
a given number of use cases relevant to an application domain or user persona,
a new breed of applications emerges which attempt to change the behavior of
a user for the purpose of education (how to save money), compliance (drug
prescription), social responsibility (saving energy), or becoming a better sales
person. This product aspiration inverts the design rationale of the system from
passively supporting a fixed number of use cases to iteratively influencing the
user’s behavior by capturing knowledge about the user context, including social
network information.

From those examples, it becomes obvious that the understanding of the interac-
tion between IT artifact and the user and the larger social context is more relevant
than ever. Understanding how a software solution fits into the social context of the
target persona is essential, and the impact on the user’s social environment is now
often the primary design objective. This extends the design focus both in scope and
in time since the adoption of the product and the appropriation to its context of use
become important aspects of product performance (Fig. 2.2).

With the design focus being the interaction between context of use and the
embedded IT artifact, understanding of the interplay between the two becomes
important. Yet, information and knowledge about social systems is surprisingly frag-
mented across many academic communities like CSCW, intelligent user interfaces,
MobileHCI, social computing, ubiquitous computing, and Web 2.0 conferences.
This makes it difficult to gain understanding of how to design for social acceptance,
ubiquitous use, and a mutual learning relationship between user and the IT artifact.
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2.3 Pillars of Innovation

We believe that innovation socially embedded on technology and products is
centered around three pillars (cf., Fig. 2.3).

2.3.1 Explicit Design Focus on Sociotechnical System

Built on the European tradition of social constructivism and participatory design,
the policy focuses on designing for sociotechnical systems instead of conceiving of



16 J. Beringer and M. Latzina

information systems as isolated IT artifacts. A sociotechnical design approach goes
beyond user-centered design by shifting the entire design focus from the IT artifact
toward the entire sociotechnical system looking at how to design hybrid systems
consisting of people and information systems. In many cases, the primary design
objective might even not be the IT artifact at all, but the social system. Persuasive
design and “gamification” are two examples where the behavioral change of users
are the primary design focus.

The boundaries between goal-oriented application design and marketing-like
tools that propagate certain behaviors are blurring. Healthcare applications helping
users to be compliant to prescriptions or diets and sustainability solutions helping
users to preserve energy and lower carbon footprint are two examples of products
which aim to influence and seed human behavior. Whether for commercial purpose
or for injecting desirable attitudes and behavioral patterns, persuasive designs
assume a bidirectional force between the user and system.

2.3.2 Understanding Social Domains and Qualities

Designing for larger sociotechnical systems requires us, of course, to understand
the social system itself. Domains such as healthcare, sustainability, aging, and
communities of practice are becoming increasingly prominent target markets to
design for. Such domains are rather abstract and difficult to understand since in
many cases the design context is not just a concrete situation or use case, but rather
an intangible concept like energy saving, diabetes, or economic wealth. There is
a huge body of field studies and research about social systems that are written
up as academic papers in a language optimized to serve an academic community
and guidelines of scientific journals. By extracting key findings and summarizing
key insights, they can become a reusable set of foundational insights about target
domains. One task we need to set ourselves is to accumulate and synthesize
knowledge from existing case studies to be able to anticipate the use and behavioral
impact of new designs for a given social domain.

Designing for large social systems and working with abstract concepts that
are difficult to observe and to operationalize mean that the suitability of research
methods themselves become an interesting research topic in its own. Methods
like participatory design and ethnographic field research seem to be essential
for studying large sociotechnical systems. But their applicability and feasibility
must be critically reviewed. For socially embedded technology, the monitoring of
actual adoption and use beyond the moment of first design are important additional
information resources for understanding the sociotechnical system. IT artifacts must
be recalibrated if necessary to reach the right level of adoption or for the intended
impact on the user or society. From community research we know that it is unreal-
istic to assume that a sociotechnical system can be designed and shipped. It rather
has to be seeded and continuously adjusted in order to grow and become pervasive.
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When designing for social embeddedness, the optimization of product qualities
that relate to social adoption and use within social networks becomes a key design
goal. Designing for coolness (Holtzblatt 2011) or viral adoption (Michael Weiksner
et al. 2008) is an example of product characteristics which go beyond the traditional
understanding of usability or user experience. A systematic approach can help us
to better understand such social product qualities and to identify repeatable design
principles. For example, the “gamification” of products to motivate users to engage
and participate to user communities is such a product characteristic which can be
potentially applied to any domain.

2.3.3 New Design Rationale

The ability of an IT artifact of continuously adapting to its own context of use as
an intrinsic product capability is one of the most important innovation aspects of
socially embedded technology. While traditional HCI assumes that design takes
place upfront before shipping a product, newer constructivist design approaches
such as meta-design and end user development suggest a distribution of power in the
design process between design time and use time to support a continuous adaptation
of the IT artifact to its actual context of use (Lieberman et al. 2006). The IT artifact
is able to recalibrate itself to adjust to context of use.

While the empowerment of the end user to customize IT artifacts is one step
toward this flexibility (Fischer et al. 2004), the challenging question is: how can we
design IT artifacts that are intrinsically elastic with respect to their user interface
and functionality? One of these examples is the transformational user experience
paradigm which enables user interfaces to reflect situational user needs by allowing
users to establish context and content at runtime in a fluid way (Latzina and Beringer
2012).

The process of continuous adaptation can be further supported by intelligent IT
artifacts that are aware of the social aspect of their context of use and are able to
learn from previous use. This requires the translation of sociotechnical systems into
machine-executable models and the definition of external sensor information that
helps the IT artifact to adjust to situational needs.

All three pillars of innovation are on top of existing foundational disciplines, but
our aim is to bring together those various principles and enablers to converge to
a product design approach that aims for elasticity and social impact in addition to
task-centric feature coherence.
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Chapter 3
Elastic Workplace Design

Jorg Beringer and Markus Latzina

With the consumerization of IT, rugged, process-centric enterprise resource plan-
ning (ERP) systems are increasingly challenged by small fit-to-purpose productivity
applications that are designed for very specific use cases. ERP content, which
used to reside in transactional database applications, suddenly becomes accessible
on mobile devices and blends into personal knowledge management applications.
This increasing pervasiveness of information systems in work and private contexts
demands, we argue, more situational adaptability of functionality and content.

The need for adaptability of ERP systems to organizational and personal
workflows has been described in many papers (Henderson and Kyng 1991; Wulf
et al. 2008). To improve the tailorability of information systems, the end-user
development (EUD) body of research (Lieberman et al. 2006) suggests the offering
of composition functionality during runtime in order to empower end users to adjust
systems to situational task needs. While the “design time at use time” approach
became one of the cornerstones of end-user empowerment, the antagonism of design
vs. runtime remains significant since such a tailorability at runtime is still conceived
of as an adaptation of an IT artifact for future use. While empowering end users to
apply ad hoc changes at use time minimizes the tension between design and actual
use, the general notion of a static IT artifact that needs to be designed (see Cabitza
and Simone 2015) is still largely unchallenged.

To overcome this dualism between design and use time, we proposed a new
design rationale which holds the promise of helping create transformative user
experiences. This design rationale also aims at surpassing the enablement of specific
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use cases and it avoids rigid application boundaries between packaged applications.
The user interface of a next-generation business application must be able to
seamlessly support the user in all stages of task accomplishment and in switching
back and forth between routine and knowledge-intensive working modes. We call
this quality of user interfaces that intrinsically adapt to the current task needs at use
time, elasticity.

The difference between tailorability which is based on building blocks and
endowing user interfaces with an intrinsic elasticity is like comparing ice cubes
and water. While ice cubes must be explicitly composed or shuffled to fit to a
certain form, water adapts intrinsically to the environment due to its free-form
characteristic. To build a transformative user interface, the system must be able to
adapt the form and behavior of system objects to the current situation in a natural
and organic way while ensuring continuity regarding the user and task objects.

A good example of transformative UX are today’s GPS applications which allow
users to look up a point of interest (POI) and then get directions on how to get there.
A user may, for instance, search for a restaurant with a specific cuisine or price level
and the application brings up a short list of restaurants that match the criteria. In this
context, the presented information is that of a restaurant which has a name, phone
number, reviews, and a location. Once the user decides on one of the restaurants, the
same entity transforms into a route map incorporating the destination and expected
time of arrival. This elasticity of transitioning from a restaurant to a destination and
seamlessly switching from a search application to a GPS application is what creates
a transformative user experience. The user moves from one task context to the next
without being disturbed by application boundaries and having to reenter the same
object identity twice.

While this example of transformative user experience holds true for a specific
application, our goal is to establish this level of elasticity as a new generic quality
of use. As a consequence, the traditional design of business applications which
largely follows a packaged design rationale needs to be redefined. We introduced
transformative user experience (TUX) (Latzina and Beringer 2012) as a design
approach in order to dissolve the boundaries between applications and to transform
aspects of appropriation (Dix 2007; Dourish 2003) into an intrinsic capability of
the infrastructure rather than a post-design phenomenon inferred from observing
how users interacted with the system. We acknowledge the existence of control and
expertise outside of the system but aim to support the transitions of context of use
inside the system.

One way to achieve this flexibility is to underspecify the user interface of an
application to allow users to impose different meanings and usages on the said
IT artifact at use time. MS® Excel™, for example, is underspecified in terms of
what the purpose and usage of a specific spreadsheet should be. It can be used
for capturing meeting minutes, for planning budget, or as an address book. In
contrast, a small application for managing meeting minutes from an app store
might be optimized and promoted for this particular use case, motivated by the
business goal of attracting consumers to purchase and download this product. To
scale for future and to some extent unexpected use, Meta-Design (Fischer and



3 Elastic Workplace Design 21

Giaccardi 2006) stresses the importance of designing products which offer spaces
of interaction potential rather than shipping applications packaged around a fixed
number of use cases. While Meta-Design describes the need for such open systems
that accommodate significant end-user-driven modifications of a product to serve
task-centric user needs (Fischer 2009), it offers not much practical guidance on how
to achieve this in a particular case (Maceli 2011).

The limitation of underspecified products is that the appropriation is taking
place outside of the system in a somewhat unmanaged manner. Designers can, that
is, only retrospectively observe this phenomenon instead of being able to design
for it. Usually, any system awareness of such unexpected use cases is lacking.
With a transformative user experience approach, we can overcome this concept of
(unexpected) adaptation and foresee ostensive usages by enabling transitions from
one meaning to another in the system environment.

In a corporate work environment, those transitions happen most typically
between process-oriented back ends and task-oriented front ends. In common
approaches to software engineering, even if usage requirements are taken very
seriously, the exposure of documents designed for business processes does not
match the semantic of objects consumed by users in a specific task context.
This is similar to our GPS example, where a POI transforms from a restaurant
to a destination. At the workplace, users move across various task contexts and
along self-determined transformative vectors to achieve a work goal (Fischer and
Giaccardi 2006). During those threads of interaction, task contexts may evolve,
change over time, and shift between business context and more personal related
task context like investigating or decision making. De Michelis (2015) reflects on
previous concepts of situated computing and proposes to use discursive threads as
an integrative perspective for enabling users to seamlessly pursue their tasks across
a variety of contexts, in terms of an augmented workplace. We share this aspiration
to provision users with flexible constellations of task objects in shifting contexts to
support open-ended navigation.

With TUX, we attempt to bring forward this new concept of elasticity of IT
artifacts by introducing novel system behavior. Thus we aim at building systems
that intrinsically establish an understanding of user-managed environments for the
creation of elastic task contexts at runtime. This approach is fundamentally different
from the concept of tailorability (Table 3.1).

Table 3.1 Comparing characteristics of tailorability and elasticity
Tailorability as ad hoc adaptation | Elasticity as direct appropriation
to identified user requirements to situational task needs
User activities Designing vs. using Engaging in situational context
Rationale of flexibility UI or functional building blocks | Elastic objects and context
Design time Explicit Implicit
Locality of appropriation | External Internal
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The user interface emerges at runtime in the very interplay between user intents
and actual information, in other terms, ostensively (Campbell 2000; Arafat 2007).
The actual task context will exceed one individual application and enable content to
be transformed across applications and to be consumed on multiple devices.

We believe that those new qualities are radically changing the rationale of
designing future workplaces and will contribute to overcoming the disconnect
between rather static business process models and entities, on the one hand, and
the situational needs for consuming this information, on the other. This high degree
of runtime flexibility requires the decoupling of content and technical container
as we know it from cloud and mobile technologies, respectively. Today, content
sources are virtualized and can be consumed vie web APIs in any other application.
Content is no longer bound to one specific technical container (e.g., the application
window or the device). This trend toward transformative user interfaces requires
new standards for interchangeable content, as well as for the modeling of task
contexts — since both will no longer come as fixed ingredients of traditionally
designed applications.

The core idea of TUX toward establishing respective design principles is to
allow users to move content and contextualize it semantically across multiple
containers. But we also envision containers to be elastic on their own by changing
their exact meaning at runtime, depending on content and user interaction. In
TUX, the appropriation to any task context takes place in the system and not only
outside. The ability to adapt contexts in ways that match situational task conditions
results in a new quality in which the system inherently follows users’ task flow.
By achieving this level of elasticity, we implicitly overcome the juxtaposition of
design and runtime since the system is fluidly adapting to the social context it is
embedded in.

3.1 Foundations of Transformative User Experience

We propose a foundational framework for a novel system architecture which
intrinsically enables transformative user experience. For this purpose, we state some
key principles of how to achieve situational contextualization of content at runtime
in order to support task life cycles in a much more fluid way as compared to
conventional approaches. The principles are based on the two basic concepts “task
context” and “task object’:

A container which is hosting and displaying task objects

A task object which acts as a proxy to a system object and provides functionality
for the hosting container to contextualize its appearance and behavior to match
the local semantics of the container

Containers model the situational context. Although an embodiment of containers
corresponds often to visuospatial concepts like windows, collaboration spaces,
displays, or devices, we refer to it in terms of a programming model in which the
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Fig. 3.1 Task object and task context

container class is a storage container for loosely coupled content and functions.
Contextual appropriation of system objects is realized by allowing containers to
adjust system objects to task objects reflecting the local semantics of use (cf.,
Fig. 3.1).

The difference between system object and task object (aka object of use) is
described by Dourish (2003) in relation to paperless documents. For example, a
generic document is a system object, potentially owned by a text processing applica-
tion, but the use of a document in an actual context might be meeting minutes, patent
application, or contract. Unlike Dourish, who describes this semantic adaptation as
an appropriation between system functionality and the user’s unexpected use, we
see the need for appropriation primarily by moving objects along a task context
which may fluidly change and evolve at runtime. Our goal is to prepare the system
design to be elastic and adaptive to task contexts rather than building IT artifacts
in terms of packaged designs, thus leaving task appropriation unmanaged and in
conflict with the system design.

With TUX, we see the appropriation taking place in the system by contextualiz-
ing system objects to a situational semantics or task context which is represented by
a technical container. This contextualization can affect an object in two ways:

A task object can adjust its posture (Cooper et al. 2007).
A task object can be abstracted or casted to change its behavior.

With these mechanisms in place, we can adapt system objects to become task
objects that reflect the meaning of an object to the specific context of a container.
Since this container-mediated adoption is handled in the system, the appropriation
takes place within the system rather than being imposed by its users from the
outside. By articulating this assumption in terms of an explicit design principle,
we can actively use it in design considerations as compared to treating it solely as
an implicit option:

A container model context that is used to impose situational semantics on system
objects by casting them into local task objects with local appearance and behavior
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Note that the application of this principle differs from traditional drag-and-drop
scenarios where objects are moved between containers, but do not change their
semantics. Direct manipulation (Hutchins et al. 1985) established principles of
moving objects with simple mouse gestures, but did not elaborate on the interaction
of context and object. It is also different from an OLE or a mesh-up environment
which deals with embedding a system object “as is” within a host container. TUX
is all about the situational adaptation of an object as mediated by the technical
container which represents a certain task semantics.

Imagine a large display (the container) which is empty and as such is contextually
nonspecific. A group of people begins to pull up names of individual managers
who should play a major role in a new business. At this point, the large display
is just a collection of people (task objects). Now, one user is adding a tool which
provides functionality to build an organizational chart. This tool is a specialized
container that is designed to display cost center hierarchies for the purpose of
building organizational structures:

A container may come with a priori defined context and act as a purposed tool that
has a predefined task meaning.

Because this additional container is added to the large display as an org chart
planning tool, the entire display now turns into a planning environment and the
context becomes that of an organizational structure with managers being the
candidates for cost centers. We can capture this incremental specification of a
purpose or task context as another TUX principle:

A context can change its semantics at runtime, typically becoming more specific by
embedding purposed containers or by binding concrete content to the context.

Further along in the exercise, several users start to create different variants of
the org chart which triggers a discussion about pros and cons of the different org
structures. We still have the managers’ names as task objects and the org chart itself,
but now each org chart proposal becomes a decision option (task object) within a
decision-making context. This transition of a task container (the org chart) to a task
object (decision option) can be captured as another principle:

A context can become a task object within another context depending on focus.

Today, we have no formal way to describe the principles of designing for such
an organic, open-ended interaction. We believe that with TUX, we cannot only
formulate guiding design principles but also derive technical requirements to enable
such transformative interfaces natively within the system. The ability of task objects
being moved across contexts and the ability of adjusting the form and behavior of
system objects to reflect the context-dependent semantics of task objects opens up
new ways of building generative runtimes. End users can transform the design space
simply by instantiating contexts and moving content across contexts. In the example
above, the users transformed the large display into an org chart discussion and a
decision-making context. They did this by adding and moving managers as content
items around and by adding an org chart builder as an additional tool context.
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In this new approach, we combine cognitive theories of action planning and
task accomplishment with semantic approaches that introduce semantic frames to
express situational semantics. With the transformative user experience approach, we
try to mimic exactly the same interaction with the technical container constituting
the frame and the task object constituting the local object of use.

The approach covers intrinsically many if not all of the user experience qualities
described by Dix and Dourish (Dix 2007; Dourish 2003) and Meta-Design (Fischer
and Giaccardi 2006) by allowing contexts to be underspecified (open for interpre-
tation), by supporting aspects of direct manipulation with respect to task objects
(provide visibility and immediate effect of action), and by empowering users not
only to interact with a set of predefined applications but to define the purpose of a
context incrementally (support — not control, expose intentions).

TUX adds one important principle, which is the elasticity of the system itself.
The usage of the large display is an example of such an elastic technical container
which underwent a transition from being an empty container to being an org chart
planning environment. As we will see, most goal-oriented user task flows are subject
to such transitions.

3.1.1 Elasticity as a Core Quality of Transformative User
Experience

In the previous section, we focused on describing how to move task objects between
containers to reflect changing object semantics due to contextual shifts and letting
contexts evolve at runtime to reflect situational task semantics. In this section, we
want to describe how these principles can be used to realize elastic user interfaces.

Elasticity is an important characteristic of an IT artifact if we want the artifact
to be able to adapt to its social environment and form a socio-technical symbiosis.
Software applications often lack elasticity because they are designed for specific
tasks thus failing to adjust to new contexts. But in reality, task contexts are often
not mechanistic but grow organically as needed in a given situation (cf., Dubberly
2008). We, therefore, see a need for designing IT artifacts that are to some extent
elastic with respect to their meaning and user interface. Let us illustrate this new
quality with an example from the enterprise resource planning (ERP) domain, in
which the gap between packaged application design and situational appropriation
of system functionality becomes obvious:

Let us assume, a business user is searching for suppliers who are qualified to satisfy a
specific demand. When searching for suppliers who fulfill those criteria, suppliers will be
listed as result items within a result list. In TUX terms, the supplier is the system object and
the search/match list is a task-specific container with result items being the task objects. In
this context, the user expects the result items to display information sufficient to inspect,
refine, and select them as a potential match. The content is still a supplier object, but users
would expect system abilities to compare, inspect, and collect each item. This functionality
is motivated by the task context “search and collect potential candidates”. When selecting
several suppliers as prospects, the result items become members of a shortlist of candidates.
Those members now inherit the behaviors of decision options which need to be evaluated
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and prioritized. The shortlist is a new container representing the activity of “short listing”
which should reflect the current preferences and ranking. The fact that each item is a
supplier is now less prominent, but users rather annotate and vote each item for facilitating
the decision making. For the most promising candidates, in-depth due diligence might be
planned, by moving the top suppliers into a To-do list. Each supplier now becomes an action
item (task object) within the To-do list (container). After a final decision has been made,
the decision has to be signed off by a stakeholder, in which case the preferred supplier may
be forwarded by e-mail as a decision item which requires formal approval and agreement.
This approval functionality is not represented by the ERP business object “supplier”, but by
the framing task context.

During this scenario, it is only of peripheral interest that the supplier is originally
an ERP object. The supplier is rather used as an anchor for searching, as a
decision option for picking the right accounts, and as an action item for the
strategic purchaser. As Fig. 3.2 illustrates, the system object “supplier” actually is
transformed into different objects of use depending on the task context.

With TUX, the user is able to move the supplier from one task context to the
next, with the system being always aware of the identity of a supplier instance and
the ability to contextually support the local meaning of the supplier within a given
task setting. The context itself changed from being an unspecific empty workspace
to an anchored exploration task, a decision-making task, and a work assignment
task environment. Those transitions between contexts are not rigid, predesigned
workflows between discrete packaged services but evolve naturally by activating
methods and services and moving the suppliers as task objects from one context to
the other.

With this transformative framework in place, containers can cast system objects
to local semantics without losing the system identity and choose between several
appearances supported by the objects. The following sections list in more detail the
examples of supporting this transformative behavior of objects and containers.
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3.1.2 Elasticity of Task Objects

TUX decouples the identity of an object from its usage within a given task context.
A context can influence the posture of an object and add specific behaviors to it to
create task objects which are tailored to this particular task context. In contrast to
system or UI objects, we speak of task objects to emphasize that, in the course of
user interaction, they can gain various meanings which are reflective of the current
user goals and the particular task context in which they are embedded (cf., Dourish
2003). Task objects are indicative of the principle of contextual polymorphism since
they can adapt semantically in various ways to their respective context. Practically,
referring to the above example, the supplier as a system object is casted to a task
object by inheriting semantics which are specific to the particular task context in
which this object is used in. The binding of the task object to the actual system
object — in this case the supplier within the ERP system — is always preserved; it can
be used to navigate to services specific to the system object.

The creation of task objects requires different mechanisms of adapting objects to
containers.

3.1.3 Contextual Casting

A system object can be casted to another class which models the behavior of a task
object instead of the original system object. The new semantics is specific and local
to the container which represents the task context. In order to enable the casting
and hosting of system objects, the TUX framework must support the abstraction of
system objects, i.e., provide a generic task object class that provides a handle to its
identity and some generic interfaces to access common behaviors.

3.1.4 Contextual Postures

There must also be a solution for how to render the object by default because we
cannot assume that the task container knows the object in detail. We need to find
a way to adjust the appearance (phenotype) of an object despite the fact that the
hosting context does not know the object type. This is achieved by provisioning the
abstract task object with a set of contextual postures (appearances) which the hosting
container can choose from when rendering an object. Within the TUX framework,
there exist a number of standard postures which can be requested by the context and
have to be provided by the object. Examples for such archetypical postures at the
object level are data point, list item, table row, business card, or fact sheet. While
the hosting container is responsible for the actual rendering, the object is sending
the information in form of name-value pairs. For example, when the purchaser (a
user) drags a supplier (an object) from a search container into a short list tool, the
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posture of the supplier might change from being a list item to being displayed as
a business card. When the purchaser lays out the suppliers on a map, the posture
might be reduced to being a data point.

Note that this approach is extending the concept of postures of application to
postures of objects. As Alan Cooper pointed out, a good designer chooses always
a “proper” posture for an application depending on its importance, richness, and
usage mode. Similarly, we postulate a limited number of postures for objects. This
contextualization of system objects corresponds to the concept of late binding,
where task objects are added at runtime to the container and the container can
adapt them and manipulate them by inspecting the task object. Of course, there are
limitations. As soon as the user needs all details, only the original parent application
can provide a domain-specific object inspector.

3.1.5 Contextual Volatility

Volatility refers to the concept of snapshotting vs. live view of an object. While the
binding of the task object to the actual system object is always given, it is sometimes
more appropriate to freeze the object at the time it is added to the container and thus
turn it into an archival artifact instead of live data.

This difference can be quite important if task objects are expected to be tangible
artifacts local to a context instead of being references to external living things.
Imagine a purchaser adding an analytical chart to the short list for making an
argument about the low performance of a supplier. This chart must not change over
time but rather reflect the observation that was used when adding the supplier to the
context as evidence for this insight.

Frozen task objects still point to their parent application, so that users can open
a snapshot for editing or for deriving new versions.

3.1.6 Elasticity of Containers

The container is the technical object with which to model the task context. When
users move task objects from one container to the next, they implicitly or explicitly
create task contexts that are represented as the combination of the container
semantics and embedded task objects.

While task models play an important role in requirements engineering and inform
the design directions, they get usually lost when creating the actual system. What
typically materializes within the application is only a set of core data objects, some
application logic, and many static screens that have been designed to match the
mental model of a prospective user. This leaves the task model as an implicit
property of the application which cannot be leveraged as an explicit model at
runtime.
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To compensate for this loss of explicit task semantics in traditional application
design, we propose to allow the container to represent semantics in a very elastic
way to facilitate the creation of a proper task context at runtime under the direction
of the user.

3.1.6.1 Elastic Purpose

A system is elastic if the context of use is underspecified. The less the context
is defined, the more the user has freedom in projecting a specific purpose into
the software application. Such designs are most appropriate for generic tools not
constrained by any vertical application domain. Many Web 2.0 services are designed
along such principles. For example, Wiki environments are used for multiple
purposes such as the publication of facts or collaboration spaces to coordinate
project work. The underspecification of design is one of the secret sources for
achieving mass adoption. They are designed for very abstract needs but agnostic
to any specific content. As Dix (2007) pointed out, the design has to be open for
interpretation to allow appropriation to specific situations and usages. Only by filling
content in, the user is incrementally developing a purposed environment.

There is obviously a trade-off between underspecification and affordance. If
there is no specific purpose communicated by the design, the generic function
as such must be compelling enough. For example, Wikis are popular because of
the convenience of authoring and publishing self-generated content. But users are
adopting this technology for various purposes ranging from intranet publishing to
project coordination.

While the transition from unspecific to specific purpose is often simply done
by adding content, in other cases, the transition is achieved by adding tools to an
existing container to extend its purpose (e.g., SAP® StreamWork™). For example,
in the large display scenario, the adding of the org chart container turned the entire
display into an org chart planning environment.

3.1.6.2 Elastic Collaboration

Today, collaboration services tend to be specialized on one specific use case or
technical service such as communication, online sharing, or team coordination
which forces users to make a priori decisions about appropriate technology to use
in their subsequent task flow. Such strict boundaries often force users to reestablish
a task context within a collaboration environment simply to be able to share it with
others.

The problem with such rigid design solutions is that collaboration is not a
predictable process step but often evolves over time while working on a task. This
problem also surfaces when constructing user stories as part of the requirements
definition: “... and now John is calling Mary to discuss the reliability of supplier
XYZ. They decide to create a collaboration space to share the latest KPIs and invite
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other stakeholders.” While such stories may point to the general need for supporting
breakouts into collaborative mode, they are by no means a mandatory task flow.
With the exception of policy-motivated approvals and collaboration, the need for
collaboration evolves primarily out of the situation and cannot be defined a priori at
design time.

Users should be able to push content in terms of task objects from a non-
collaborative environment into a collaboration space, or the system should be able to
transform a personal context into a shared context without the need to re-instantiate
the content. The collaboration service itself can also be considered as an elastic
container which may transition from an ephemeral chat to a more persistent activity
stream. Often the need to collaborate originates from conversations or e-mails which
then cause the user to create a dedicated new task context.

3.1.6.3 Elastic Practices

Task flows in reality do not always follow the typical task life cycle but also
alternate between nonroutine and routine situations. Depending on the familiarity
and complexity of a particular task, the task context is more or less well defined and
users will choose different strategies to cope with it (Rasmussen et al. 1994). In a
nonroutine case, the system will offer rather generic functions which enable the user
to define their intents and action plans in the course of interacting with the system.
In a rather more well-defined task context, there will be a set of exclusive functions
which represent common practices or which are reflective of user preferences.

As those needs are situational by nature and cannot be pre-modeled in terms
of a workflow or standard operational procedures, the elasticity of the system
environment is an important design quality for these one-time processes. To support
this situational task complexity, a system environment must support the user
in switching between different levels of ad hoc problem solving, for example,
identifying suitable approaches to tackle a difficult problem vs. accomplishing a
well-defined task within the same environment.

This flexibility, as we have shown, cannot be achieved with a packaged design
that offers a number of predefined paths and breakout points to follow some
prethought workflows. Containers need not only be flexible in representing task-
related content but in modeling constraints and practices that may be leveraged as
procedural guidance. By taking advantage of this transformative quality, the user
can create new task contexts that evolve from unspecified to specified situations
(Bernstein 2000).

3.2 Conclusions

While building on concepts from design for appropriation and Meta-Design, TUX
proposes a fluid navigation between different task contexts via direct manipulation
and contextual transformation of task objects. We combine this basic design
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rationale with an elastic container model that explicitly represents task semantics
and can impose new usage semantics on its content (i.e., task objects). We believe
that the combination of elastic object and context semantics enables not only an
unprecedented natural and fluid user experience but also establishes a new design
rationale for building modern interactive systems that form a symbiosis with users’
activities (Winograd and Flores 1986; Suchman 1987).

With the concept of elasticity, we are able to articulate principles for how system
environments can transform themselves to match the user’s intention. Many of
those intentions are easily identified and can be used for system design, but they
are unpredictable with respect to the order, relevance, or concrete materialization
within one particular situation (Dourish 2003). We believe that the combination
of elastic object and context semantics enables not only an unprecedented natural
and fluid user experience but also establishes a new design rationale for building
modern interactive systems that form a symbiosis with users’ activities (Winograd
and Flores 1986; Suchman 1987; for considerations of the TUX rationale toward
some design examples, cf., Werner et al. 2011; Ardito et al. 2012, 2014, 2015a, b;
Costabile and Buono 2013; Latzina 2015).

The elasticity of TUX can help to establish a continuum between generic and pur-
posed application contexts to fill the gap between operating systems and applications
or generic transactional ERP applications and fit-to-purpose applications. TUX can
help to bring together reusable platform components with application layers that
are designed for more specific purposes in a very organic way to reflect typical
task needs of knowledge workers or improve the immersiveness of an IT artifact in
general.

TUX challenges common notions of system, application, and interaction design;
it bears the promise of shaping novel ways of practicing design, thus potentially
leading toward emergent design practices which aim at augmenting knowledge
work by allowing users to interact with content in an ostensive manner. With users
actively creating task contexts and the user interface not being restricted to a priori
packaged applications, the difference between use time and design time vanishes
(Fischer and Giaccardi 2006). Content can be composed and shaped in an ad hoc
manner (Campbell 2000; Arafat 2007; Dourish 2003; Perlin and Meyer 1999).
System design along these lines explicitly acknowledges the existence of control
and expertise outside of systems, but at the same time, it enables systems to evolve
at runtime in symbiosis with their use.
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Chapter 4
Patterns of Work: A Pragmatic Approach

K. Kashimura, Y. Hara, N. Ikeya, and David Randall

4.1 Introduction

As was suggested in Chap. 1, we need to ‘... accumulate and synthesize knowledge
about such social domains from case studies to be able to anticipate the use and
behavioral impact of new designs’. In turn, Beringer suggests, we need to go about,
‘extracting key findings and summarizing key insights [so that] they can become
a reusable set of foundational insights about target domains’. How we might do
this, however, is a somewhat intractable problem. The past 20 years and more has,
without question, seen a significant shift in the way in which data relating to design
problems is collected and analysed. One of the most significant aspects of this has
been the ‘turn to the social’ often associated with the deployment of ethnographic
practices for design-related purposes.

Despite the undoubted gains that come from this move away from the ‘formali-
ties’ of business processes towards a ‘real world, real time’ analysis, we have, as yet,
little insight into the way ethnographic practices and design work get mobilised in
commercial practice in a timely and generalisable way. A ‘turn’ which incorporates
a view of the subtle, interactive processes by which work actually gets done and
the contextual character of breakdown and repair work has not as yet been shown
to translate conveniently into general design features. That is, there are few studies
which show how ethnographic studies might be used and deployed by design teams
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(although we should acknowledge that there are systematic attempts to specify the
relation, for instance, Beyer and Holzblatt 1998), how their value is constructed
and what problems with the record need to be dealt with. In addition, as we will
argue below, since it is by no means clear that the highly detailed and radically
contextual view implicated in (some) ethnographic work might be made to fit with
some level of ‘generic’ design, some examination of how a design team might deal
with this would be useful. This chapter examines the on-going work of a team of
researchers and designers in the UX group at the Hitachi Design Division based in
Tokyo, Japan. The Hitachi team has used ethnographic techniques for a significant
period of time now, largely in the study of ‘infrastructural’ projects of one kind
or another mining, power plants, train repair and maintenance and so on. Whilst
considering ethnographic investigation to be valuable, the team believes that results
can be made even more useful through a process of comparison. In this chapter, we
consider how, in the first year of a 2-year project, this has been done. To be clear,
there is a substantial existing literature on the relationship between ethnography
and design (see Crabtree et al. 2012 for a recent example) which has covered a
range of themes including the issues of participation and co-creation. In addition,
there is an existing literature on theoretical devices which might help in the analysis
of ethnographic work (see, e.g., Hutchins 1995; Kaptelinen and Nardi 2006 in the
context of CSCW and other technology research; Glaser and Strauss 1967; Strauss
and Corbin 1997; Charmaz 2006 in a more general context). The problem we
describe, however, is somewhat different. Where Strauss and Corbin, for instance,
describe the constant comparative method as a means to provide for comparisons
across settings but within a domain and where the theoretical positions we mention
provide frameworks for analysing any and all settings, albeit at a high level, our
concern lies in comparisons across different settings and domains, but in which we
may nevertheless find points of comparison and moreover comparisons which might
have a design relevance.

4.2 The Setting

The design team’s work has, for some years, been substantially ethnographic in
its orientation, and studies have been conducted in a large variety of domains.
Nevertheless, as the company has refocused its efforts towards ‘quality of service’
issues in complex organisational and inter-organisational settings, we have identified
various kinds of maintenance work as a core topic. The group has largely oriented
over a period of time to some version of ‘contextual design’ (Beyer and Holzblatt,
ibid). Despite this, the group has expressed certain concerns about this mode of
operation, in the main a function of the sheer number of enquiries being undertaken
and, at the same time, the range of design possibilities under consideration. Put
simply, at any one time there might be between 6 and 12 people doing ethnographic
work in different areas (normally in ones and twos) and reporting to a moveable feast
in respect of design teams. Fieldworkers can be, and are, deployed at relatively short
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notice into domains of which they may have no prior knowledge. They typically
have had little background in ethnographic research, although a number have a
background in ‘usability’ testing of one kind or another. The concerns of the group
have effectively centred on three related difficulties. Firstly, and it will come as
no surprise to experienced ethnographers, there are doubts about the capacity of
designers to deal with significant amounts of ethnographic data either in relation
to written records or in meetings. Although there will be more than one reason
for this, in our case this mainly had to do with the structuring of data so as to
reflect what designers might construe as their most significant problems. Secondly,
and given the large amount of work being done in different domains, there was
a concern for consistency and focus in respect of reporting. That is, how reporting
might be done in such a way that ethnographic reports have a recognisable character
from one setting to another was seen to be a problem, in that designers wanted
ethnographic data to take a typical and consistent form and one, moreover, which
might lead to relatively clear problem statements. Thirdly, there was a concern for
time taken in the conduct of ethnographic enquiry. Designers, as is well known,
cannot wait whilst long-term studies are completed. In the ‘real world’, there are
also difficulties with the concurrent model described by Hughes et al. (1992, 1993).
We should perhaps stress here what they are, because it has important consequences
for the way in which our work progressed. The way in which ethnographic results
might feed into design has important commercial implications. The team needs to
demonstrate that it can provide useful and significant results both within and across
a number of settings and, moreover, represent those results to a heterogeneous
group of designers. Design scenarios might include, for instance, information
system design, work and procedural design, augmented reality, mobile devices,
video conferencing and data sharing, distributed database provision and so on. The
large number of people involved at one time or another means that long-term and
‘personal’ collaborations of the kind often found in academic environments are
difficult to pursue. Although there is a preference for face-to-face meetings between
ethnographers and designers, this is not always possible. When it is, marshalling the
vast range of data that ethnographers have collected and translating it into a language
that is relevant and useful for design have proven less than straightforward. The
ethnographic record itself, in the unstructured form that social scientists are used to,
has proven unpopular. Various ‘storyboarding’ efforts have been undertaken, with
limited success. We should point out here that, although this is not the topic of
this chapter, a series of interviews with system designers of one kind or another
(who described themselves variously as ‘product’, ‘system’ or ‘future’ designers)
were conducted whilst the work was progressing, with a view to establishing what
their informational and representational needs might be. One of the outcomes of
these interviews was the recognition that a simplified and relatively standardised
way of representing results was required if they were to derive the kinds of problem
statement they felt they needed.

As a result, and in recognition of the need to develop some kind of reporting
structure, a small group along with academics from Japan and Europe were con-
vened to examine ways of dealing with the somewhat vaguely glimpsed problems
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mentioned above. At the outset, and in the first instance done largely through email
and Skype communications, an attempt was made to discuss initial moves before
contracts were signed and analytic work began. A number of Skype meetings took
place in which discussions predicated on the possibility of using ‘patterns’ as an
analytic device for producing a standard presentation format were the main focus,
followed by the first of two intensive workshops, each lasting 5 days, one at the
beginning of the project year (September 2012) and one towards the end (March
2013). Regular Skype calls involving the whole group took place about once every
two weeks, and others involving the academic partners alone were also a regular
feature. The outcome, as we shall see, was that a version of ‘patterns’ was developed
which was significantly different from what has been produced previously. Notably,
an initial decision was that ‘patterns’ were most likely to prove useful, at least in the
first instance, if they were adapted from existing data in a circumscribed group of
settings. The decision was made, reflecting on-going work by the design team, that
the settings in question would be limited to those involving some form of (loosely
defined) maintenance and construction engineering context.

4.3 Construction and Maintenance Engineering

If some form of ‘generalised’ findings were to be an outcome of the work, it was
important to gain an understanding of what the existing literature had to say and
how problems in our chosen domain were typically framed. Our discussion of
the literature is framed around some specific matters which have to do with the
inevitability of failure and attempts to minimise its impact, the desire to enhance
control so that failure rates are reduced or kept to a minimum and the recognised
need to embed solutions within the actual work of maintenance. Problems, of course
(and as all ethnographers can attest), can be seen to be at least partly characterised
by the specific domains within which they unfold. This would seem to present a
challenge regarding what lessons might be appropriately learnt from investigations
in other areas of construction and maintenance. This does not preclude an exami-
nation of those features with a view to establishing what might prove to be relevant
and valuable for design-related purposes. Our review took us through a variety of
domains encompassing, inter alia, software maintenance, general ICT maintenance
in education, manufacturing systems maintenance, software maintenance, industrial
systems maintenance, aircraft maintenance, railway maintenance, ship maintenance,
vehicle maintenance, road construction and maintenance, photocopier and printer
repair maintenance, network equipment maintenance and home device assembly
and maintenance work. Now, of course, such domains are heterogeneous. The
purpose of this review of the literature was to provide an initial, high-level, view
of common problems (if any could be found) and subsequently to identify a subset
of domains which would constitute a manageable resource for comparative work.
We were able to identify certain domain features which, if not universally shared, at
least could be found in more than one setting. Thus and for instance, the literature on



4 Patterns of Work: A Pragmatic Approach 39

software maintenance points to problems such as the need to keep systems running
whilst maintenance takes place. As Swanson (1976) argues:

The amount of time spent by an organization on software maintenance places a constraint
on the effort that may be put into new system development. Further, where programming
resources are cut back due to economic pressures, new development is likely to suffer all the
more since first priority must be given to keeping current systems ‘up and running’. (p. 492)

Swanson refers firstly to ‘corrective maintenance’, which mainly involves diag-
nosis procedures in relation to failure, and secondly to ‘adaptive maintenance’,
which is done in anticipation of environmental change. Thirdly, there is ‘perfective
maintenance’ which, in contrast, refers to performance enhancement (e.g., cost-
effectiveness). The latter, he suggests, is not well understood but is at least as
important as the first two since it is ‘directed toward keeping a programme up
and running at less expense, or up and running so as to serve the needs of its
users [and customers]’ (p. 493). Tan and Gable (1998) — also in the context of
software engineering — demonstrate how there are radical differences between the
attitudes of management and those of ‘maintainers’ and how this ‘knowledge gap’
also concerned what problems maintainers faced and how managers interacted with
maintainers. Perhaps more importantly, from our point of view, there has been a
developing recognition in the area of software maintenance that, along with attention
to the above factors, we need to pay attention to local patterns of work. Bendifallah
and Scacchi (1987) were amongst the first to recognise variation in local patterns of
work. They argue (in a comparative study of two organisations) that we need:

. to understand the ways local circumstances in the workplace affect how and why
people perform software maintenance tasks, and conversely, how maintenance work affects
workplace arrangements. Local circumstances include the incentives and constraints for
why people alter their software systems, and indicate when people act to maintain their
systems. The workplace specifies where maintenance work is performed and the ways it is
organized. How people order and perform their maintenance work also entails who does
this work, and what kind of maintenance activity is performed. (p. 311)

Interestingly, the idea of ‘beacons’ or recurring patterns is occasionally ref-
erenced in this literature (see Boehm-Davis et al. 1996; Crosby et al. 2002).
Ko et al. (2005) draw attention to the need for detailed studies of the way in
which maintenance tasks are actually accomplished when Java programmers are
using Eclipse, with a view to designing tools which might support their work.
We might also briefly mention the work of Kemerer and Slaughter (1997) in this
context, because they point explicitly to the gap between technical and managerial
knowledge in maintenance work. They draw on the notion of patterns to argue that
managerial information can be made more robust if these patterns can be identified.
Hence:

Software maintenance is a task that is difficult to manage effectively. In part, this is because
software managers have very little knowledge about the types of maintenance work that are
likely to occur. If managers could forecast changes to software systems, they could more
effectively plan, allocate workforce and manage change requests. But, the ability to forecast
software modifications depends on whether there are predictable patterns in maintenance



40 K. Kashimura et al.

work. We posit that there are patterns in maintenance work and that certain characteristics
of software modules are associated with these patterns. (p. 1)

We then looked at maintenance in manufacturing industries. Bateman (1995)
describes three basic forms of maintenance in relation to manufacturing. The first
is reactive, such that equipment is allowed to run until it fails and then firefighting
techniques are implemented. Gits (1992) calls this failure-based maintenance. The
second is preventive (sometimes called use-based maintenance) and is obviously
more proactive. Preventive maintenance usually involves maintenance work at
particular and scheduled times. The third is predictive maintenance or is sometimes
called condition-based maintenance. This relies on reporting about the condition
of equipment and depends on new forms of diagnostic technique (measuring,
for instance, vibration, noise, lubrication and corrosion). Laura Swanson (2001)
introduces a fourth form, which she terms aggressive maintenance. She argues
this is typical of strategies such as total productive maintenance (TPM) and which
have been introduced as a result of global competition and enhanced technological
capability. It is predicated on the view that small teams can create coopera-
tive relationships by integrating production and maintenance functions. This, of
course, implicates the raising of skill levels through constant communication and
cooperation. Much of the literature is of a technical nature and focuses on such
matters as optimization problems, replacement models and so on (examples are
Nakagawa (2005) and Smith and Mobley (2008)). Other work focuses more on
maintenance management. Here, the main interest is in best practice. Wireman
(2004), for instance, notes that the failure to introduce proper policy and procedure
is commonplace. He suggests that this is because maintenance is viewed by most
organisations as a necessary evil and hence their main interest tends to be cost
control. One of his observations is that, roughly, only half of time at work by
maintenance workers is actually spent doing hands-on maintenance. He sees the
main failures as having to do with job planning (better planning, he argues, leads to
a cost ratio of 1:5 against poor planning) and with poor work order systems. Only
10 % of organisations, he maintains, have any form of performance monitoring or
failure analysis. He further argues that much more maintenance work is reactive
than it should be (evidenced by high levels of overtime). Frequently, the cause of
these failures lies in under-skilling, lack of coordination between operations and
maintenance, poor communication and poor use of materials (which are typically
40-60 % of all costs). One feature of this is overstocking and poor inventory control.
Maintenance costs are also poorly assessed, since they seldom include the cost of
‘downtime’. Such emphases have led to a concern with ‘lean maintenance’ (see
Smith and Hawkins 2004).

A third area where maintenance work has been theorised is in safety critical
systems. Here, and unsurprisingly, measures of risk are paramount. The literature
here is highly technical, although there are some studies based on managerial and
‘cultural’ perspectives (see, for instance, McDonald et al. 2000) where interviews
and documentary analysis are used to understand how organisational cultures affect
safety. The main thrust of their work is to show that professional subcultures
mediate the rules and procedures mandated by organisations. The fact that failure
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in safety critical systems can be catastrophic means that standard ‘trial and error’
approaches cannot be relied on. More importantly, there is a limited literature
of a more sociological or social psychological kind which looks at the way in
which groups in such contexts deal with problems. This includes some classic
literature such as work by James Reason and Jens Rasmussen, work on ‘high
reliability’ organisations by Laporte and Consolini (see, e.g., Laporte 1996; Laporte
and Consolini, 1991, 1998a, b), work on aircraft cockpit errors by Charlotte Lind,
more general theoretical work by Charles Perrow and — to a certain extent — work
by the Lancaster school (Hughes et al. 1992; Randall et al. 1993) and others
on air traffic control. Variously, such studies show cultural factors of one kind
or another produce ‘error tolerance’. Cultures, in this literature, either guarantee
that errors are less likely to be made, are more likely to be seen or are less
likely to be consequential. The exception is Perrow (1999) who argues that two
factors — ‘interactive complexity’ and ‘tight coupling’ — mean that, in some contexts,
accidents are more or less inevitable. ‘Tight coupling’ refers to the strong causal link
between actions or events, whilst ‘interactive complexity’ refers, fairly obviously,
to the many and varied ways in which people and systems can interact in complex
organisations. Perrow is particularly interesting insofar as, when he points to failure,
he identifies several individual factors which are relevant, including human error,
mechanical failure, the environment, design of the system and the procedures used.
Perrow is nevertheless insistent that catastrophic failure is never produced by any
one of these factors but by the interaction of them all.

What became clear from our review of these and other domains was that there
are some fundamental perspectival differences in play. Maintenance problems can
be seen in a variety of ways and one of them we might call ‘managerial/technical’.
Maintenance has increasingly been seen through the organisational lens and asso-
ciated with this as a management issue. Maintenance management, in other words,
has become a quite distinctive approach, characterised as:

All the activities of the management that determine the maintenance objectives or priorities
(defined as targets assigned and accepted by the management and maintenance department),
strategies (defined as a management method in order to achieve maintenance objectives),
and responsibilities and implement them by means such as maintenance planning, main-
tenance control and supervision, and several improving methods including economical
aspects in the organization. (Marquez 2007, p. 3)

The above demonstrates a view of maintenance which is, in the main, top-down.
In other words, even though domains vary, the general perspective is that defined
goals, along with procedures which are consistently implemented by managerial
teams, define ‘best practice’. There is, even so, an extensive literature which argues
that best practice is not easily achieved. Various barriers need to be overcome (see,
e.g., Raouf and Ben-Daya 1995). Cooke (2000) argues that certain organisational
barriers are consistently found and they include political, financial, departmental
and inter-occupational barriers.

In recent years, much of this work has been conceptualised in terms of trust and
dependability. Avizienis et al. (2001) characterise dependability in the following
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way (much of what they say relates to computer systems, but there are some
overlaps):
“A systematic exposition of the concepts of dependability consists of three parts: the threats
to, the attributes of, and the means by which dependability is attained”, and argues that
fault prevention, tolerance, removal and forecasting are the critical issues. The threats to
dependability, unremarkably, consist in faults, errors and failures. Nakagawa (2005) also
emphasises reliability in maintenance and argues that the basic attributes required are
availability (readiness of service), reliability (continuity of service), safety, confidentiality,
integrity (absence of improper system state alterations) and maintainability.

In contrast, there is an approach we can think of as broadly ethnographic. An
acknowledged classic in this area is Julian Orr’s (1996) study of photocopier repair.
Orr makes a number of related points, many of which are still under-examined by
the more ‘managerialist’ literature. They include the fact that work is heterogeneous,
meaning that problems are much more varied and unpredictable than we might
assume. He further identifies, along with other ethnographers, the social distribution
of expertise (he does not call it this; see Randall et al. 2007) meaning that we
cannot assume that all are equally skilled. He suggests that not all maintenance
work is done in the same way. It can be done in order to provide a minimum level
of serviceability — i.e., doing the bare minimum — or it can be aimed at actually
providing a solution to problems. He makes the point that decisions of this kind
are made because of a variety of pressures including time available. Probably most
importantly, he identifies the fact that this work is done collaboratively, even if
maintenance is being done by one person at any given moment. They do this in
large part by informal knowledge sharing, for instance, by meeting up for breakfast.
Orr makes the point that much of this talk is generated by the sheer unpredictability
of their work. Each machine behaves differently. Problems as described sometimes
turn out not to be the problem at all. What is important here is the fact that much
of the knowledge and skill is not formally codified but depends on experience
and practice. Technicians become familiar over time with the characteristics and
weaknesses of particular models of machinery. Technicians in this field have values
concerning ‘being good at your job’ which include thoughtfulness, attention to
detail, freedom from panic and resourcefulness when the documentation does not
provide the answers (p. 34). Orr also reflects on the codification of expertise,
pointing out that such codification is seldom entirely satisfactory. It seems that,
in this context, documentation did not point adequately to solutions. In a similar
vein, Carstensen (1999) has pointed to difficulties inherent in codifying processes
when perspectives, practices and terminology are different from work group to work
group. For a critique of the whole approach, see Schmidt (2012). Schmidt uses an
example from the manufacture of diesel engines for ships:

... diesel engines for large ships are not produced for inventory, in the hope of somebody
filing an order sometime in the future: marine propulsion plants are far too costly and take
up far too much space for that to be a viable business model. Thus, many months may
pass between orders for an engine of any particular model are received. Consequently, it
was likely to be difficult for whoever was tasked with a given assembly job to remember
how exactly to assemble the particular model requested in the given purchase order. So,
although at least some of the workers would know how to assemble the model in question,
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each of them would not necessarily be able to assemble it efficiently and correctly. They
therefore strove to maintain their collective capabilities by documenting the sequential order
and key operations of the procedure and by thus offering means for each other (or for future
colleagues) to maintain (or acquire) their individual ability to do so efficiently and correctly.

Schmidt’s work, inter alia, draws attention to timeliness, to ‘competent read-
ership’ and to practical matters of one kind or another. Pipek and Wulf (2003)
provide a critical review of the problem of knowledge sharing in maintenance work
in relation to what is sometimes called ‘organisational memory’. This describes the
problem of retaining the expertise and experiences of skilled members. Pipek and
Waulf draw on the work of Mark Ackermann who identified a number of issues in
relation to the informalities of work and the difficulty of knowledge sharing. These
variables include the complexity of the knowledge domain, the interactive nature
of the problem-solving process, technological infrastructure, the existence or not of
a common body of knowledge (shared expertise) and how dynamic changes in the
body of knowledge are. Pipek and Wulf describe difficulties in maintenance work in
a steel mill which have some similarity to those described by Orr, mainly in relation
to documentation of various kinds and how accurately it describes the real state of
play. They point to some typical issues around the nature of the documents (paper
and electronic), which include that a large number of documents are not classified
or are classified in such a way they cannot easily be found, that many are old or of
poor quality, that search functions are inadequate, that some knowledge resources
are ‘private’ and so on.

None of this is to argue that codification is impossible, only difficult. Indeed,
work at Xerox following on from Julian Orr’s study involved precisely the design
of knowledge-sharing systems for photocopier repair across international sites.
The work on this (see Bobrow and Whalen 2002; Yamauchi et al. 2003) is
interesting because it discusses the organisational barriers to getting ethnographic
work accepted and also provides examples of cost and productivity benefits that
resulted.

Our review of the literature indicated a number of things to us. Firstly, man-
agerialist and technical approaches, whilst pointing to the need for actions at the
strategic level, for instance, in relation to the ‘the acquisition of the requisite
skills and technologies’ or to ‘the correct assignment of maintenance resources
(skills, materials, test equipment, etc. to fulfil the maintenance plan). (Marquez
2007) say little about how such things might be achieved in practice. Similarly,
technical approaches focus in the main on metrics and tools for the measurement
of known criteria. Both, we feel, produce generalised levels of argumentation that
are insufficient for dealing with the specific requirements identifiable in any given
setting. The ‘ethnographic’ approach, and readers would be familiar with this
argument, tends instead to emphasise local contingency, the gap between formal
rules and procedures and actual practice and so on. A significant ‘background’
assumption here is that the kinds of problem — as well as the practical management
of solutions — that occur are specific to the setting under investigation and are best
understood by close investigation of the cooperative elements of work. However,
and as we have already indicated, the practical management of ethnographic enquiry
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is problematic. A number of different individuals, remember, may be working in a
number of different settings and — sometimes at least — taking a considerable period
of time to ‘gear in’ to those settings (which are frequently of a highly technical
nature). They in turn are reporting back to a large and disparate group of designers
who sometimes struggle to understand the results. The task the group set itself,
then, was firstly to find a means to provide a manageable level of generalisation,
one which both indicated what kinds of commonality might exist across a range
of broadly similar settings but at the same time retained a sensitivity to local
contingency. Secondly, an aim was to find a language which allowed for a common
means of expression, such that both ethnographers and designers might find it easier
to interrogate their own and others’ work.

4.4 Patterns

The idea of the pattern language originates with Christopher Alexander (1979) but
was quickly taken up within software engineering communities. Alexander was
offering an approach to the design of buildings which reflected patterns of use
and as such was critical of ‘heroic’, modernist conceptions of architecture which
rather ignored user needs in favour of abstract notions of ‘function’. In ‘a pattern
language’, Alexander claimed to have identified 253 basic patterns which recur in
architecture. Patterns have particular attributes, which he characterised as follows:

Name: A name to identify the pattern.

Context: The situation(s) where the pattern is relevant.

Forces (problems): The forces present which may constrain or suggest alternative solutions.
When these forces are in tension with one another, the problem is harder to solve and a
compromise may be necessary.

Solution: A solution which resolves, as far as possible, the various forces.

For Alexander, these patterns had to be validated in some way (including
observation) and were prescriptive. That is, they instruct us what to do about certain
things. We should not forget that these patterns were also invariant. In other words,
they are to be found across settings (see Dearden and Finlay 2006, who also provide
a useful summary of the way patterns are used in a variety of contexts). They can be
distinguished from other forms of generalisation, they argue, in the following ways:

. the level of abstraction at which guidance is offered;

. the grounding of patterns in existing design examples, or “capture of practice”;

. the statement of the problem addressed by a pattern;

. the discussion of the context in which a pattern should be applied;

. the provision of a supporting rationale for the pattern;

. the organisation of patterns into pattern languages; and

. the embedding of ethics or values in the selection and organisation of patterns. (Dearden
and Finlay 2006, p. 21)
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There has been a significant uptake of ‘patterns’ in computer science (see, e.g.,
Gamma et al. 1993; Gabriel 1996; Rising 1998; Denef 2012), but here the idea of
‘pattern language’ became much more significant. According to Erickson (2000),
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patterns are particularly interesting for object-oriented programming because they
embody concrete prototypes, are grounded in the social and express values. Patterns
of code are easy to identify, but connecting them into more complex frameworks
requires a language which consists of connective rules. Salingaros (2000) gives
some examples:

One pattern contains or generalizes another smaller-scale pattern.

Two patterns are complementary and one needs the other for completeness.

Two patterns solve different problems that overlap and coexist on the same level.
Two patterns solve the same problem in alternative, equally valid ways.

Distinct patterns share a similar structure, thus implying a higher-level connection.

Patterns, then, have a formalising quality, involve connections and levels and
further involve selections as to what is and is not relevant. It has been pointed out
that one of the main values of the pattern approach is that it documents or codifies
these relevant factors. Put simply, they have a systematic quality. If patterns can be
systematically connected through the use of a common language, then, they should
in principle provide us with a framework to anchor design. Nevertheless, for the
reasons given above, they cannot determine design. There is an obvious analogy
here between software engineering approaches which rely on formal models of
organisational ‘need’ and those which orient to user behaviours, since understanding
patterns clearly entails understanding behaviour (as well as functionality) in a
systematic way. Having said that, the idea of a ‘pattern’ is a rather vague one and
can mean many things. The notion of ‘patterns’ has also been subjected to extensive
critique (see Dovey 1990) insofar as it is clear that patterns cannot provide complete
design solutions (the reasons for this have to do with their putative inability to
encompass economic, policy and construction or implementation issues). They can,
in other words, only be seen as one tool in the toolbox. One of the evident difficulties
in the application of patterns to human behaviour lies in the different perspectives
on ‘relevance’ that are brought to the table. By this, we mean that patterns are
sometimes applied within disciplinary boundaries but might be better understood
as a communication device for interdisciplinary work. Denef (ibid), for instance,
deploys patterns in an attempt to integrate the perspectives of ethnographers and
designers in relation to firefighting. Mahemoff and Johnston focus on patterns of
usability. Their patterns are structured at the level of task, user, user interface and
‘entire systems’. In a different vein, and of more immediate relevance for our pur-
poses, Martin and Sommerville draw extensively on existing ethnomethodological
work to draw attention to recurrent topics. These, for ethnomethodologists, might
include:

. Sequentiality and temporality

. The working division of labour (egological-alteriological principles)

. Plans and procedures (representations)

. Routines, rhythms and patterns (orderliness in self-organising systems)
. (Distributed) coordination

. Awareness of work

. Ecology and affordances

~N NN =
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What Martin and Sommerville try to do is use these ‘topics’ as a resource
for generating patterns in more specific circumstances and then exemplifying the
patterns through data. They argue:

Patterns are intended to be a resource that is a structured collection of findings from
field studies of work and technology. As such, reading through them should provide a
good background understanding of some of the social design issues that arise out of these
ethnomethodologically-informed studies.

Now, Martin and Sommerville accept the Alexandrian principle that patterns are
independent of context and can be deployed across a range of different settings.
Our position evolved differently. Partly as a result of the work that had already been
done in various settings by the design team and partly because of the similarities and
differences we glimpsed during the literature review process, we were concerned to
circumscribe our generation of patterns by limiting them to settings where we were
confident we had sufficient knowledge and which were, on some level, similar.

Equally important is the discussion of the way in which patterns can be integrated
into approaches to observation, intervention, participation and learning, and com-
munication. There is a certain amount of work on the relationship between pattern
languages and participatory design (PD) (this includes, for instance, Borchers
(2001); Lin and Landay (2002)) and for interaction design (see, e.g., van Welie and
van der Veer 2003). Other work, like that of Goodyear (2005), orients to education.
For our purposes, this is a critical feature. It was and is a fundamental feature of
our enquiries that they should aid the communication process — ethnographer to
ethnographer and ethnographer to designer (and vice versa). For our purposes, there
were nevertheless decisions to be made.

4.5 Developing ‘Patterns of Work’

Our strategy was to identify some high-level, domain-independent questions which
could then be decomposed and translated into a domain-relevant set of questions.
We make no claim to originality here. The questions are similar to those in Martin
and Sommerville (2004), to those posed by Randall et al. (2007), to Checkland’s
CATWOE analysis and so on. They were evolved by the academic partners and were
delivered with some rough sub-questions which were intended to be illustrative of
the range of issues. It is important to recognise that these high-level questions have
no theoretical status — they are simply orienting devices. They were in no sense
intended to direct enquiry but were rather geared to the assumption that the evolution
of our patterns would be an iterative process and one which ethnographic data would
feed into. That is, ethnographic findings and evolving patterns would be mutually
elaborated. Indeed, they were posed as questions precisely for this reason. The ‘nine
questions’, as they became referred to, are laid out below, exactly as they were posed
to the project group.
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. What actors are involved? Of course this raises a number of important sub-
questions, especially in the light of the fact that work is increasingly complex,
mobile and Internet reliant. Do we include only immediate workers in our studies,
or should we be looking at a wider organisational context? When knowledge is
shared, is it only shared locally? How heterogeneous are the groups that share a
working environment?

. What are they doing? Again, we need to make decisions about granularity, and
this depends on how we decide on what is interesting. For some purposes, it is
obvious that we need to pay attention to the sequentiality of work in some detail
(in what order do people actually do things?). Video analysis is an obvious way
of doing this. For other purposes, less detailed observations may be possible,
and for others interviews are likely to elicit information that observation will not
(‘Why did you do that? Why not do it another way?’ What was the problem
there?’).

. Why are they doing it? This speaks to the goals of management and the
organisation, to ‘accountability’ issues and so on.

. Why are they doing it this way? In much the same way, there may in principle
be any number of different ways of performing tasks. If things are typically done
in one fashion, then we can ask why. Are there constraints caused by material
resources? How rule governed are the activities? Are there problems with skill
levels? Is this the most elegant and effective way things can be done given various
constraints?

. What materials, resources and spaces do they deploy and in what order? The
point of this is obvious, but we need to remember that ALL material resources
are relevant. Scraps of paper like Post-it notes, scribbled bits of information,
reminders and other more human resources (e.g., asking questions) are important.
. What knowledge and skill do they demonstrate ? This is possibly the most difficult
thing to uncover, not least because it often means the ethnographer has to
understand technical terminologies. It also means one has to pay attention to
a series of quite mundane skills — who seems to know most and what is it that
they know (sometimes called the social distribution of expertise).

. What (if anything) needs to be changed? It is often easy to identify bottlenecks,
problems and so on. It is not quite so easy to see how to correct them. An example
is the idea of redundancy. In one sense, if processes are redundant, it means they
are being duplicated for no good reason. It does, however, mean that we have to
be sure there is no good reason. It could be, for instance, that redundancy is how
mistakes are identified and corrected.

. How do we go about justifying and making changes? Whatever problems we
identify, there is still the important issue of persuasion. Management is often
reluctant to accept that the themes the ethnographer has identified are real (I
have personal experience of this). Workers sometimes have a vested interest in
preserving current work patterns.

. How do we evaluate the effects of intervention and over what period of time?
One of the classic ethnographic problems is that of evaluation of change. Over
what period of time should we be looking at practices and the changes that are
taking place?
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Following literature reviews and the generation of the ‘nine questions’, the group
met at a workshop to interrogate existing data with a view to establishing what
general areas of interest in the field sites might be identified and hence what the
focus of subsequent patterns might be. It was agreed that the project, which was
to last 2 years, would be divided into two fairly distinct phases, and only the
first six questions above would be dealt with in year 1. That is, the first phase of
the project was regarded as largely descriptive/analytic, whilst the second phase
was to be representational/interventionist. As pointed out above, an early decision
had to do with the practical possibilities inherent in making comparisons from
field research conducted by the team allied to published literature. It was felt that
too much heterogeneity might result in generalisations that were of little practical
use, and so settings which could loosely be termed as ‘engineering maintenance’
or ‘construction’ were chosen. Following this and again done by pulling out
some identifiable features from data we already had (based both on ethnographic
studies which were under way or, in one case, completed and on the literature
we had examined), we cautiously isolated five themes which formed the basis
for the development of the patterns. During this workshop, members of the group
described the work they were doing in various settings, including train maintenance,
power plant construction, an Australian mining camp and an international software
collaboration. From this we tentatively outlined five potential patterns:

(a) Finding tools and materials
(b) Sequencing technical activities
(c) Coupling work activities

(d) Sharing knowledge

(e) Scheduling for contingencies

These general patterns were not clearly demarcated, at least to begin with,
but reflected a common-sense approach to the kinds of issue that we saw as
typically arising in the settings under investigation. ‘Finding tools and materials’
is fairly self-explanatory and refers to the fact that tools and materials are not
always easily identified, can go missing and are sometimes used by more than one
individual or group and that, as a consequence, work can sometimes be held up.
‘Sequencing technical activities’ reflects a classic ethnomethodological concern, the
detailed description of how activities are organised on the basis of an egological
orientation. It deals, that is, with the ‘what do I do next’ questions rehearsed in
Randall et al. (2007). ‘Coupling work activities’ deals with the fact of coordination
‘down the line’. That is, how the activities of one group of workers cascade down
consequentially to those of another. ‘Sharing knowledge’ was an attempt to specify
the skills, expertises, local knowledges and so on that might be possessed by
one group but not necessarily shared with others with a view to understanding
how consequential that might be. Finally, ‘scheduling for contingencies’ reflected
the well-known fact that the standard ordering of work schedules was sometimes
disrupted by contingencies, by new priorities and so on.

It needs to be stressed here that data collection from various sites was continuing.
Additional data was analysed and fed into the evolution of the patterns. Space
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precludes a detailed analysis of the data from the several studies that fed into our
decision-making, and in any case the provision of detail is not the primary function
of the chapter. We can, however, at least give some examples of the way in which
ethnographic data fed into the refinement of our comparative patterns. Below, we
give an outline of two. Again, we need to be clear that the purpose of this chapter is
not to rehearse ethnographic data in any detail, and we do not do so. Our purpose is
to do with representing ethnographic data in such a way that it can be seen to ‘fit’
with evolving schema.

Example 1 One of the areas that Hitachi fieldworkers had been studying was train
maintenance in the UK. Maintenance work of this kind is done in a depot and, at the
site in question, on five tracks in the depot. Five teams of operatives work in parallel,
each consisting of about 15 maintainers. Most of the work done on site (though not
all) is routine and scheduled, and, typically, a manual of rules and procedures is used
to identify the stages of specific operations, and work completed is recorded on an
application running on a laptop. In presenting the work, fieldworkers drew attention
to the fact that work was frequently held up as a result of the fact that various
tools and materials were not always ‘to hand’. There were a number of different
reasons for this, including the fact that manuals did not provide exhaustive lists of
tools required for the completion of particular jobs which meant pauses whilst the
requisite tools were obtained, the fact that the stock management system was not
easy to use and inventory checking was cumbersome and that tools which were
supposed to be located on workbenches often went missing. Now, in comparing this
site to others, we observed that ‘finding tools and materials’ was a generic problem,
though one which took on specific characteristics in different circumstances. Thus
and for instance, a range of fairly typical dimensions seemed to be implicated. These
included such issues as whether the same people who organised resources also used
them, whether adequate catalogues of resources were maintained, where equipment
was kept, whether more than one person or team used the equipment and so on.
After a process of iteration, the following pattern was evolved, with the issues that
seemed to be salient highlighted:

Now, what we describe here is not a pattern in the sense that it was used by
Alexander. It is not prescriptive and it does not seek to describe universalities.
Indeed, the questions are designed to elicit the dimensions of variation. The pattern
itself, however, is not the point. We should remind ourselves that the purpose of
the ‘patterning’ process is to make complex data from individual sites available
to both other ethnographers and to designers in a form which enables them to
‘read’ the data in a usable form. To this end and having said that data feeds into
pattern construction, ethnographic data is also progressively being structured in a
way which is consistent with the patterns. The process, in other words and as already
stated, is mutually elaborative. An example is given below (Tables 4.1 and 4.2).

We should remember here that it is the ethnographic data that provides for the
specific rendering of the problems experienced at work in this context as well as, of
course, descriptions and analyses of the ordinary routines. The patterns do not, and
cannot, replace the insights the ethnography provides. The pattern, that is, represents
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Table 4.2 Finding tools and materials:

K. Kashimura et al.

train maintenance

Case 1 | Source UK train maintenance
1.2.3 How are tasks Maintenance teams are mainly concerned with
allocated? scheduled, routine, maintenance, although they have to

2.1b Are the same people
responsible for the
organization of resources
as the people who use
them?

2.2.1 Is equipment kept in
a centralised position?

2.2.2 Is a catalogue of the
equipment used?

2.2.2.a Is the catalogue
easy to use?

2.2.4 Is the catalogue
digital or physical in form?
2.2.5 and 2.2.6 Who
allocates equipment and
who is responsible for its
return?

2.2.7 How often does
equipment go missing or
get lost?

2.2.8 Is equipment used by
others?

2.2.9 How long does
searching for equipment
take?

deal with breakdowns as well.

There is a central storage area, but tools are only
returned once a day. There are other storage areas
located at different places in the shed. There is no clear
responsibility as to who should return tools to the
designated areas.

Equipment is kept in a variety of places and it is
sometimes time-consuming to walk around trying to
find tools. Necessary tools/ materials are often missing
in the storage area. Expendables like cans are
sometimes placed in the office or work bench, not in
the designated storage area.

Yes

It is difficult to use. Workers do not use the same
language to describe tools and equipment as is used in
the e-catalogue. It can be very difficult to trace what
new equipment is needed.

Digital

The store manager at the beginning of the day,
otherwise, individual workers as needed. No-one has a
specific responsibility for return

Frequently

Yes, all the time. Teams are working in parallel and
often borrow equipment from other teams. Some
equipment is in short supply

It depends, but we have seen examples of 2 h

a means to represent problems in a particular way, using a consistent language and
thus affording an easy and convenient means to compare.

Example 2 A second theme, which we evolved by drawing on existing data, was
that of ‘coupling work activities’. This was intended to describe situations where
the work of one individual or team affects the work of another individual or team.
The degree of ‘coupling’ of work activities is scarcely a new insight (see, e.g.,
Weick 1976; Orton and Weick 1990), but our purpose, we remind ourselves, is
pragmatic. That is, we set out to establish what the conditions which in practice
affect the flow of work from one group to another might be. Again, we drew on
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data from published (and some unpublished) work conducted by others and also on
fieldwork data collected by the design team. The questions that we evolved, again
iteratively, as new data became available, are listed in Table 4.3. An example of
the data which informed the construction of the pattern comes from analysis of
construction and maintenance work in a power plant. Here, members of a warehouse
management group make preparations in response to requests for receiving (from a
subcontractor) and delivering (to the construction site) materials (two people for
incoming materials and three in charge of delivery). The materials in question
include pipe lengths of varying and non-standard sizes and shapes which need to
be stored in a physical location. The amount of space available for the storage of
these pipes is limited. The pipes are ordered from a subcontractor some 3 months
in advance of need. Having said that, changes in construction schedules mean that
pipes are often stored for longer than that. The locations at which pipes are stored are
registered using a GPS system. Problems occur, however, when the warehouse team
unexpectedly receives materials from the subcontractor which do not correspond to
digital delivery slips. They have to be inspected against load manifests, recorded
and then stored somewhere. Having said that and to compound the problem, the
pipes that are delivered will not always correspond accurately with descriptions on
the manifest. That is, they will often not be needed at that moment because work
schedules have been changed. Thus, they need to be stored, often for months. The
pipes are too big to be handled entirely by hand and a range of moving equipment is
used. Moreover, because they are often of unusual shapes and sizes, they sometimes
cannot be placed in spaces originally allocated for them. There is a limited amount
of space on site for the storage of these pipes and, because they are often stored for
months on end, there is a tendency for them to be moved around as workers search
for pipes that are needed in the near future. Limited time means that the location of
pipes is not always accurately recorded.

In theory, pipe delivery to the construction site is organised three days before
fitting specialists pick them up. At the same time, pipe fitters sometimes make
unexpected demands because of changes to their work schedules. These sudden
and unexpected requests mean that preparation is sometimes hurried and, more
consequentially, that pipe fitters from the construction site collect pipes themselves
(often displacing other pipes whilst they search for what they need, making it
difficult for the warehouse group to control the location of inventory). Here, then,
the practices of one group (pipe fitters, suppliers) have a significant effect on the
efficiency of another (warehouse management) (Figs. 4.1 and 4.2).

Here, then, ethnographic data can be described in relation to the highlighted
features in the pattern. That is, the data is examined to see what the salient questions
might be, as below:

In a similar vein, then, the problems that could be identified across the different
sites involved in this work (most of which are not reported here) are revealed by
detailed ethnographic analysis. The pattern, once again, is used as a device for
producing results in a format that allows for comparison.
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Table 4.3 Coupling work activities: pipe delivery and collection

The questions

1. What actors are
involved?

2. What are they doing?

The pattern-maintenance
work-coupling work
activities

1.1 How are maintenance
teams constructed?

1.2 What is the division of
labour?

1.3 How is authority
formally distributed?
1.4 How are
responsibilities actually
organised?

1.5 What aspects of the
work involve fixed
positions and/or mobility?

2.1 What order is the work
done in?

2.2 How rule based is it?

2.3 How coupled with
other work is it?

2.4 How is it coordinated?

Comments

1.1. 1 Here, we want to know about
the numbers of people in teams

1.2. 1 What jobs are people formally
required to do? What are their job
descriptions? Do they actually do
more than that?

1.3.1 and 1.4.1 The kind of thing we
are interested in here is whether
members of the team work strictly to
orders or whether they themselves
have discretion in what they do. Can
they, for instance, change the order of
work if they think it is efficient to do
so without asking anyone else?

1.5.1 Do they work in confined
spaces?

1.5.2 The literature indicates that
geographical mobility creates a
different set of problems than
working in fixed locations, and we
have found the same thing. Some
problems can be caused by having
only a small amount of space to work
in, others by having to work a long
way from other people

2.1.1 Here we are specifically
interested in sequentiality-detailed
description of the way work is done
and if possible the reasons why
people decide to do it like this. Video
and pictures are often used to get a
good sense of this

2.1.2 Is there a difference between
expected workflow and actual flow of
work?

2.2.1 How much discretion is there in
the way people do their work, or are
they tightly controlled?

2.3.1 Do changes cascade through to
other work? Do stoppages in one
place cause stoppages in another?
2.4.1 How are problems
communicated to other work groups,
if at all? How are changes in work
plans communicated, if at all?

(continued)
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Table 4.3 (continued)

The questions

3. Why are they
doing it?

4. Why are they doing it
this way?

The pattern-maintenance
work-coupling work
activities

2.5 What is difficult?

2.6 What is unexpected?

3.1 What does the
organisation demand of
them (workload)?

3.2 How clear are the
instructions?

3.3 Who instructs them?

3.4 How are roles actually
distributed?

3.5 How formal/informal is

the distribution of tasks?

4.1 What determines the
order they do things in?
4.2 How easy is it to
organise and coordinate?
4.3 How well does
resource management fit
the flow of work?

4.4 How economic is it? Is

there waste or redundancy?

4.5 What disrupts the
work, how long for and
who is affected?

4.6 What external factors
govern the work?
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Comments

2.5.1 What things actually cause
plans to be altered?

2.5.2 How often do they occur?
2.6.1 We make a difference between
‘normal natural troubles’, the things
which regularly occur which affect
the flow of work, and the
‘unexpected’, more serious, perhaps
more rare, events

3.1.1 What time and resource
allocations are made?

3.2.1 What is the role of manuals and
other instructions? Do workers pay
attention to them? It is well known
that workers often find it difficult to
identify what the problem is in a
manual (or where to find the answers)
and often find other solutions

3.3.1 What is the structure of
authority and who, in practice,
decides what should be done next?
3.4.1 Is there any difference between
formally described roles and what
people actually do?

3.5 Do managers or supervisors
change the order of work, or do they
stick rigidly to planned schedules?
4.1.1 Why are there sometimes
delays?

4.2.1 What don’t they know that they
need to know?

4.3.1 Are there resource problems
because no one in management
knows what is needed?

4.4.1 Can we tell the difference
between unnecessary duplication and
useful checking?

4.5.1 What are the factors that create
‘normal natural troubles’?

4.6.1 Work activities are often
constrained by factors such as
contract obligations, health and safety
regulations, legislation and other
background conditions and external
scheduling

(continued)
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Table 4.3 (continued)

The questions

5. What materials,
resources and spaces do
they deploy?

6. What knowledge and
skills do they
demonstrate?

1.5.1and 1.5.2

2.3.1 Do changes
cascade through to
other work? Do
stoppages in one place
cause stoppages in
another?

The pattern-maintenance
work-coupling work
activities

5.1 What limits the pace of
work?

6.1 What do workers need
to know and how are they
trained?

6.2 When are these skills
obvious?

6.3 How technical is the
work?

6.4 How easy is the skill to
acquire?

6.5 How much of it needs
to be shared?

6.6 What is the distribution
of skill?

6.7 How is information
maintained and by whom?

K. Kashimura et al.

Comments

5.1.1 Here, we are mainly thinking of
technical limitations — are the tools
they use adequate?

6.1.1 To what extent is the training on
the job?

6.1.2 Is it regularly updated? How is
skill maintained?

6.2.1 When can you tell that workers
need high levels of skill and when
does it matter less?

6.3.1 How difficult is it for the
ethnographer to understand what the
skills are?

6.3.2 Are the skills social as well as
technical?

6.4.1 How much training is needed?

6.4.2 Do people pick up the skills by
informal methods?

6.5.1 Is it enough that there is one
person who has the skill and can tell
others what to do, or is it important
that everyone has it?

6.6.1 Is everyone equally good at the
work, or are some people obviously
more expert than others?

6.7.1 Does a knowledge base need to
be maintained, and if so, how is it
done?

Storage space available is limited. The problem is made more
difficult by the fact that pipes are of many different shapes and
sizes. These are often non-standard which means they cannot easily

be stored in a defined order

The problems cascade across three locations. They start in the
subcontractor’s, where pipes are supposed to be made in
accordance with work schedules but unexpected, and urgent,
requests are quite common. In turn, this means that pipes are
delivered to the storage site in a somewhat unpredictable way and
sometimes have to be stored for long periods. Their non-standard
shape and size means they are difficult to organise and other pipes
have to be moved to accommodate them

When pipes are to be delivered to the construction site, they are
often difficult to find because they have been moved, which causes

delays in construction

(continued)
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Table 4.3 (continued)

The questions

2.4.1 How are problems
communicated to other work
groups, if at all? How are
changes in work plans

2.5.1 What things actually
cause plans to be altered?

2.5.2 How often do they
occur?

2.6.1 We make a difference
between ‘normal natural
troubles’, the things which
regularly occur which affect
the flow of work, and the
‘unexpected’, more serious,
perhaps more rare, events
4.1.1 Why are there
sometimes delays?

4.2.1 What don’t they know
that they need to know?

4.3.1 Are there resource
problems because no one in
management knows what is
needed?

4.6.1 Work activities are
often constrained by factors
such as contract obligations,
health and safety
regulations, legislation and
other background conditions
and external scheduling

4.6 Conclusion

The pattern-maintenance work-coupling work
activities

There is very little communication across different
workgroups, except through documentation.
Changes in storage location as pipes get moved
around are not communicated at all

Changes to work schedules at the construction site
cause most problems

The contingencies which arise on the construction
site mean that the order in which the pipes are
manufactured is not the same as the order in which
they are needed, meaning that pipes have to be stored
often for long periods

Frequently. It is quite common for work to be
delayed because the right pipes or materials cannot
be found

Most of what happens can be described as normal,
natural troubles

The delays are almost entirely caused by the
different problems associated with storage

There is very little communication between one
group and the next, other than through
documentation

The biggest resource problem is lack of space at the
site

The various delays are caused by differences
between schedules, which are established months in
advance, and the immediate needs of the
construction site

57

Comments

The work we report above was conducted, as indicated, with some pragmatic ends
in view. It was intended to provide, as we have intimated, a common set of questions
which could be decomposed to address specific themes relevant to the setting in
question but phrased in a way which was generic enough that comparisons with
other settings could be made. It was done with the approximate aim of achieving
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Fig. 4.1 Storing and
retrieving pipes

Fig. 4.2 Storing and retrieving pipes

certain quite pragmatic objectives. These included shortening the time taken to do
ethnographic work by sensitising fieldworkers to ‘what they might find’; addressing
the concerns of designers who had difficulty understanding what the lessons of
fieldwork data might be; and perhaps most importantly providing a focus on
problems of similarity and difference. Design work in the plant construction case,
for instance, is further forward than in the train maintenance case and has focused
initially on using an iPod touch for video conferencing and for the sharing of visual
images. Visual imagery, in the context of non-standard sizes, seems to be a great
deal more effective than any other form of description. Medium term design is
orienting towards an augmented reality system which will dovetail with a system
intended for use in construction sites themselves and which will feature point and
tag functionality such that visual images of locations are overlaid with other data.
The point here, of course, is that it would be naive to imagine that envisaged systems
will be used in one setting only. As far as possible, for sound economic reasons,
they will be deployed in a range of settings where similar issues are described.
The patterns, as we have remarked, are intended to outline the lines along which
similarity and difference can be identified. Whilst we are not the first to remark
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on the tensions between the provision of detail inherent in case studies and the
comparative work, we do believe that few efforts have been made to examine these
issues across cases. What we have described above is an on-going attempt to do
so. A significant part of the work has been concerned with finding cases at an
appropriate level of generality, such that useful comparison can be made. Although
the conceptual issue of what exactly we might mean when we talk about ‘domains’
and ‘settings’ was not a part of our deliberations, the selection of cases which were
‘similar enough’ clearly was a relevant and problematic matter. We continue to
examine the patterns in the light of data from new cases. A recent effort has been
the examination of a railway control room.

Having said this, the patterns undergo constant refinement. The design team finds
them useful but, at the same time, expresses certain reservations. To some extent,
this is because we have not always had a clear, shared, understanding of exactly
what benefits might accrue from the work. For instance, it became progressively
more clear over the year that one implied (but initially unexpressed) need was to
enable inexperienced workers to go into the field armed with something more than
an ‘ethnography and how to do it’ literature, something which the patterns were
never intended to do. Equally, the patterns were perceived to overlap such that it
was sometimes difficult to identify which pattern asks pertinent questions about
which situation. Even so, fieldworkers involved in the business of representing
their work to designers report that they feel more confident in their efforts to do
so. As one of them said, ‘at last, I feel I have a language I can use to them’.
Regardless, how best to represent these evolving structures such that both requisite
detail and necessary generality are encompassed remains an issue. Representing
those similarities and differences and aligning them with detailed case data are
something we are embarking on at the time of writing.
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Part I1
The Challenge of Change



Chapter 5
Situated Computing

Giorgio De Michelis

5.1 Introduction

Some members of EUSSET (European Society for Socially Embedded Tech-
nologies), the European professional association dedicated to the development of
technological tools and infrastructures that incorporate a human-centred design
perspective, presented at one of the workshops accompanying the development
of the new R&D programme of the European Union, Horizon, a position paper
(Bannon et al. 2012) where situated computing is proposed as a new paradigm
engaged with design and development of technologies from a perspective of
evolving social practices.

The position paper is not the right place where to fully develop the argumentation
supporting a new user-oriented technological paradigm. Moreover, the position
paper is well grounded on the European research on CSCW and related topics,
regarding the characterization of the human/social side of the issue, but is opening
a new front at the technology level that is not typical of a human-centred design
community.

As a coauthor of the above-mentioned position paper, I am willing to stress the
novelty of this move inside technology, offering some arguments to a discussion
inside and outside EUSSET.

The paper grounds ‘situated computing’ on the change that has happened on
how ICT technology is used, today. Then it recalls the situated action paradigm, as
the viewpoint that has been able to recognize and conceptualize the above change.
Situated computing is presented as the natural counterpart of situated action and
it is surveyed how the concept has been formulated in the last ten years. Finally,

G. De Michelis (<)
DISCo, University of Milano — Bicocca, Milan, Italy
e-mail: gdemich@disco.unimib.it

© Springer-Verlag London 2015 65
V. Wulf et al. (eds.), Designing Socially Embedded Technologies in the Real-World,
Computer Supported Cooperative Work, DOI 10.1007/978-1-4471-6720-4_5


mailto:gdemich@disco.unimib.it

66 G. De Michelis

I propose my view on situated computing and I introduce some features situated
computing systems should have.

5.2 A Change in Use

To shorten our historical account, let us go back to the decade between mid-1980s
and mid-1990s: in 1984, Apple launched Macintosh, and in 1992 SAP presented its
Sap R/3 system, later named SAP ERP.

Why are these dates important? Because Macintosh, at the personal computing
level, and Sap R/3, at the organizational computing level, fix, from the user
interaction viewpoint, the standards that characterize, in their domains, all the
systems that are proposed to the market up to current days. It is not by chance in
fact that all operating systems for personal computers resemble each other, sharing
the desktop metaphor, invented by Alan Kay at Xerox PARC in the late 1970s (Kay
1977) and made popular by Macintosh, and that the same is true for ERPs, adopted
by the majority of medium and large companies all around the world (Kumar and
Hillergersberg 2000).

Despite the evolution that both operating systems for workstations and ERPs
have had in these 20 and more years, due to the combined effect of continuously
growing memories, better communication channels, the web, etc., both remain,
structurally and from human interaction viewpoint, the same.

When they conquer the markets, both are in essence multifunction devices sup-
porting users in a growing variety of tasks. Their success depends on their capability
to solve the problems affecting the diffusion of ICT within work environments: the
simple and highly usable interface of Macintosh and imitators allows everyone to
use it, and the strong integration of ERP systems gives to enterprises the possibility
of planning, managing, and controlling their operations in a smooth way.

Until people use them for doing their tasks, in fact, their support is effective,
even if the number of tasks and the amount of stored data and/or documents grow.
Accessing data and files is considered one function among the others and what
matters is being able to find a document (in the workstations) and to process data
(in the ERPs).

But changes of ICT have induced unexpected changes in the way its applications
are used: some users, in particular, have slowly but irreducibly changed the role
they attribute to ICT. Let us look closely at those for whom reading and writing
documents, searching and elaborating information, and collecting, interpreting and
calculating data constitute the texture connecting all their activities. They have
in the digital world (directly in the workstation or in the web or, finally, in the
information system of the organizations with which they are collaborating) almost
all what they need both in terms of content and functions (from an organizational
science viewpoint, they are called knowledge workers; see, e.g., Blackler et al.
1993; Drucker 1999; Mosco and McKercher 2007). These people have progressively
ceased to approach their PC (and what there is behind it) when they have to perform
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a task, but rather, always more frequently, they have it always on, and whatever they
are doing, they switch to it to find and/or do what may help them to act and interact
effectively. In other words, when the number of tasks they are executing with the
support of ICT has become so large and, mainly, when the amount of their digital
data and documents has become so big that they are almost always interacting with
a digital device, it happens that ICT systems progressively change, from tools for
executing tasks to relational extensions of their capability to act and interact. The
workstation (or, in other circumstances, the tablet and/or the smartphone) is always
on, because it plays a crucial role, in any situation, allowing the user to act and/or
interact effectively: sometimes it is an extension of his/her memory, sometimes it
is a powerful communication channel, and sometimes it is necessary for executing
tasks like writing and/or calculating and the like. But what is required is that, in any
situation, contents, communication channels, and productivity tools are filtered so
that all and only what may be useful is accessible.

While, as tools for executing tasks, current ICT-based systems are user-friendly
and effective, as companions to act and interact effectively, they appear always
more cumbersome and inefficient (the literature on this issue is rich; see, e.g.,
Kaptelinin and Czerwinski 2007; Eppler and Mengis 2006; Monsell et al. 2000;
Oulasvirta 2008; Yeung et al. 2006). For accompanying users in any situation they
may encounter during their (working) day, in fact, it is not sufficient that tools
are user-friendly; what is also and mainly needed is that, in any moment, all and
only what the user needs for acting and interacting (data, documents, messages,
information resources, tools, communication channels, people) is ready at his/her
hands. But this is not the case, because both workstations and ERPs are multitasking
systems and are not capable to provide help depending on the situation of the user.

Let me repeat one thing, to avoid misunderstandings: I am not critiquing the
design of the Macintosh and/or of SAP R/3; rather, I am only claiming that they
were designed for a time when machines and the way of using them were different
and that they, today, have become inadequate. The desktop, emulated by operating
systems for personal computers and workstations, is not well designed neither from
the point of view of keeping all the things a user needs altogether (it is well known
that, while documents created by the user are in the folders of the file system where
he/she has stored them, messages are inside the mail system, their attachments are
in a special folder of the file system and documents from the web are memorized
as URLs in a list) nor from the viewpoint of collecting them in separate spaces.
The problem of putting together things related with the same user issue is left
to his/her goodwill of creating and updating dedicated folders fighting with the
obstacles its organization opposes to him/her. In the same vein, ERP systems are
highly integrated monolithic systems that are quite efficient at integrating data with
respect to routine or expected tasks, but, conversely, they are quite rigid with respect
to free access and unexpected processing.
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5.3 Situatedness

The issue, here, is understanding how things are correlated with respect to users,
what should be ready at their hands whenever they need to interact with their system.
Research on CSCW and related topics in the last 30 years has deeply investigated
it, bringing forth several hints on human practice in different work contexts and
situations. Situated action (Suchman 1987), language action perspective (Winograd
and Flores 1986), and embodied interaction (Dourish 2001) are some of the
headings that have been formulated in the effort to characterize what is constitutive
of human practice and relevant for the design of ICT-based systems supporting
it. Altogether, they underline that human practice is intrinsically social, that it is
situated, and that what people say is strictly and bidirectionally linked with what
they do.

These three hints on human practice recall that the effectiveness of human beings
strongly depends on the awareness they have of their situation, i.e. of the context
where they are situated. From what we have said above, a question emerges with
big evidence: in the frame of the discourse that we are carrying on, what is the
context that people should be aware of? The answer is not as immediate as anyone
could think at first moment: there are, in fact, different dimensions of the context
where a person acts and interacts (see e.g. Kishore et al. 2004).

First, we can assert that it is not the spatial context: the place where a person is
(with the various things and people populating it) strongly affects what she can do
and what she cannot do and being aware of it is important, but we cannot say that it
reflects the social dimension of human experience.

Second, we can also assert that it is not the temporal context: in different days,
at different times of the same day as well as of any day, what she can do and not do
changes, as well as what she should and should not do, but social experience evolves
in a way that goes beyond strict temporality.

Beyond spatial and temporal contexts, there is a ‘social context’ that, in some
sense, includes both of them: with whom is the person engaged while acting and
interacting? What are they doing together and what is the aim of their interactions?
What have they already done and what are they mutually committed to do?
Whatever a person is doing, this is part of an experience she is living with some
other people, with whom she exchanges documents and other things, she shares
information and knowledge, and she has mutual commitments. All what participants
do during a social experience intertwines language and action, so that, at the same
time, things are created, imported, and/or modified and knowledge is created and
shared.

The thread of events constituting a social experience creates also the language
(game; this implicit reference to Wittgenstein (1953) is not casual) and the
knowledge shared by its participants, and for this reason, being aware of the context
in which she is acting and interacting is, for a person, necessary in order to be
effective in it. We call this thread a ‘story’, to underline its sense-making role for
its participants. All events of what we have called a story are, naturally, situated
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in space and their thread develops in time: on the one hand, a story, taking place
in a space, where its actors live their common experience, transforms that space in
its place (Harrison and Dourish 1996); on the other hand, any story has a duration,
during which it evolves reacting to the events involving its actors and to the mutual
commitments they have established.

Social context is of paramount importance, in particular, for those people who
are involved in many different stories, because whichever is the story she is acting
and interacting and what is happening in others is, both, disturbing (creating noise
and confusion in it) and enriching (opening it to new knowledge) it.

For our target users, i.e. the knowledge workers, whose work is woven of what
they read and write, the issue is not if they are using the word processor, the
spreadsheet or the mail, but which is the story in which they are engaged so that
they can act effectively in it.

5.4 Situated Computing

Systems supporting human practice should therefore be able to improve context
awareness of their users, so that they can act and interact effectively in any situation
of their life. Researchers in CSCW and related areas have become aware of this fact
from many years, as the emergence of a new heading ‘situated computing’ shows
with great evidence.

The term ‘situated computing’, in fact, is not new and it may be useful to survey
its history. For what I know, it is in the second half of the 1990s (1997) that it
was used for the first time, by three researchers of the HP Laboratories, R. Hull, P.
Neaves, and J. Bedford-Roberts, in a paper they presented at the First International
Symposium on Wearable Computers (ISWC ‘97): ‘Towards situated computing’.
In the abstract, they wrote: ‘Situated computing concerns the ability of computing
devices to detect, interpret and respond to aspects of the user’s local environment’
(Hull et al. 1997). Using the terminology we introduced in the previous section, the
authors make reference to spatial context. From 1997 to present days, several other
authors have revived the term proposing their view on it.

Let us survey some of the contributions appearing in the literature and some of
the initiatives launched under this heading.

In 2001, Masahito Hirakawa and K. Priyantha Hewagamage published ‘Situated
computing: A paradigm for the mobile user-interaction with multimedia sources’ in
the Annals of Software Engineering. In the abstract they wrote: ‘Situated computing
is a new paradigm for mobile computer users based on their physical context and
activities carried out as a part of their working business. It provides the mechanism
to have a mobile computer as a utility to satisfy the user’s real world requirements as
well as an infrastructure for the situated interaction using applications’ (Hirakawa
and Hewagamage 2001). Here the authors are again narrowing their use of the term
for mobile systems, focusing on spatial context.
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One year later, Kevin L. Mills and Jean Scholtz published ‘Situated computing:
The next frontier for HCI research’ in a book edited by J. M. Carroll, HCI in the
New Millennium. In the paper it is written: ‘An impressionist painting emerges
of nomadic workers with collections of small, specialized devices roaming among
islands of wireless connectivity within a global sea of wired networks. Each wireless
island defines a context of available services, embedded devices, and task-specific
information. As nomadic workers roam the landscape the context in which they
are working continuously changes. As workers move onto wireless islands of
connectivity, their context is merged with the context of the island to automatically
compose a computational environment to support their needs. At other times, when
not connected, an array of portable devices provides each nomad with a local
context for computing. This painting, which relies heavily on Weiser’s (1991)
concept of ubiquitous computing and on Suchman’s (1987), notion of situated
computing, suggests a future where information and people connect directly and
work together across a range of contexts’. (Mills and Scholtz 2001). Even if here
‘situated computing’ assumes a visionary character for becoming the label of what
could be the future of computing, it has to be remarked that while the relationship
between space and mobile devices is well developed, the same cannot be said about
the ‘user’s context’.

It goes in the same direction when, in 2005, John S. Gero presented ‘Virtual
Environments Using Situated Computing Can Change What We Design’ at Virtual
Concept, a conference held in Biarritz (France). This paper considers situated
computing as a new design paradigm. Its abstract says: ‘This paper presents the
foundational concepts of situated computing: first-person interaction, constructive
memory and situations. It then describes two classes of situated design that differ
from other forms of designing: situated interaction design and situated artifact
design’ (Gero 2005). The social nature of situated action is not considered, and
in some sense we can consider situatedness as a combination of individual memory
and spatial context.

In 2009, the call for the 15th International Conference on Distributed Multimedia
Systems claims: ‘DMS conference is an international conference series, which
covers a wide spectrum of paper presentations, technical discussions and demon-
strations in the fields of distributed multimedia computing. ... The main themes
of the DMS2009 conference are: network and systems, emergency management
and security, situated computing, multimedia software engineering, and multimedia
information retrieval, mining and fusion’; the term has become a label for describing
one of the themes of a conference focusing on distributed multimedia computing.

In 2011, Inderscience started publishing a new International Journal of Space-
Based and Situated Computing. Its aim is extending ‘the pervasive computing
vision of everyday objects communicating and collaborating to provide intelligent
and context-aware information and services to users in larger geographical spaces.
The ultimate goal is to build context-aware global smart space and location-based
service applications that integrate information from independent systems (such
as sensors, actuators or mobile information systems), which autonomously and
securely support human activities. IJSSC provides a fully refereed international
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forum for publishing the latest research into space-based and situated computing’.
The term has found its place in the scientific community, but again, its focus has
been narrowed to spatial contexts.

But, from the very beginning, there are contributions that go in a direction
echoing in a stricter sense than what we have discussed in the previous section.

In 1999, A. V. Gershman, J. F. McCarthy, and A. E. Fano presented ‘Situated
Computing: Bridging the Gap between Intention and Action’ at the 3rd International
Symposium on Wearable Computers. In the abstract, they wrote: ‘Situated comput-
ing represents a new class of computing applications that bridges the gap between
people’s intentions and the actions they can take to achieve those intentions. These
applications are contextually embedded in real-world situations, and are enabled
by the proliferation of new kinds of computing devices, expanding communication
capabilities and new kinds of digital content. Three types of discontinuities give
rise to intention/action gaps and provide opportunities for situated computing
applications: physical discontinuities, information discontinuities and awareness
discontinuities’ (Gershman et al. 1999). Here the authors make reference to a
broader view of context, where its social dimension is taken into account.

In 2000, Michel Beaudouin-Lafon and Wendy E. Mackay organize at CHI2000
a workshop on situated computing. In the presentation of the workshop, it is
written: ‘The term situated computing describes socio-technical systems in which
situations of use and context play a central role in the use of computers. Since
most computing is arguably situated computing, we need to reflect on our current
understanding of context, establish a common language for discussion and define
processes for developing systems-in-use’ (Beaudouin-Lafon and Mackay 2000).
Among the contributors to the workshop, there is Paul Dourish (A Foundational
Framework for Situated Computing; 2000) who, in his position paper, wrote:
‘One starting point for this exploration is a conundrum which was, interestingly,
raised for me by the call for this workshop. The call coins the term “situated
computing” to refer to the set of technologies and usage experiences that make up
the burgeoning area of contextually informed system design. The term I use myself
is “Embodied Interaction” (for reasons that will become clear. However, I think
“situated computing” is an excellent term, because it captures two distinct elements
of the area. First, it captures its technological foundations, and the relationship to
other, related technological explorations such as the Ubiquitous Computing work
spearheaded at PARC in the early 1990s. Weiser (1991) set out a vision of a world
in which technology supported us more intimately by retreating into the background,
one in which the world around us was imbued with computational power that could
be called upon intrinsically as part of everyday activity. At the same time, the word
“situated” evokes the ““situated action” perspective that has played a dominant role in
the sociological foundations of Computer-Supported Cooperative Work. Suchman
(1987), drawing on the ethno-methodology of Harold Garfinkel [5], radically revised
cognitivist accounts of natural activity to turn attention to the improvised and
contingent nature of the sequential organization of activity — its situated character’.

With this workshop, the proponents underline that situated computing should not
focus on a particular class of systems, since it refers to a feature that is relevant
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for a very large variety of the ICT-based systems already in use, but, maybe,
because the debate is still restricted in a small group of specialists within the
CSCW/HCI research community, it is not clear which situated computing systems
do the participants have in mind.

Concluding this historical survey, it may be useful to recall that ‘situated
computing’ with the attention it calls for the coupling between situatedness and
ICT-based systems has given rise to the term ‘situated software’ (Balasubramaniam
et al. 2008) and, more recently, has been used by Carlo Ghezzi and co-workers
for characterizing the change in perspective they propose in software engineering,
taking into account that most software development is contextualized, since it aims
to modify existing running systems (Salvaneschi et al. 2012).

I do not pretend that my survey is complete, but, I think, it suffices for showing
that situated computing has become a popular header and that it is used with
different meanings, moving from the identifier of the emerging class of mobile
location-aware computing systems to the label for a new paradigm for the design
of information systems and services. Even from this radical viewpoint, however, it
has not yet opened its eyes towards the systems already in use, neither to evaluate
them from a viewpoint going beyond task-oriented use nor to figure out how they
can be redesigned.

5.5 A New Definition of Situated Computing

As said above, situatedness recalls the existence of contexts, and designing systems
for it requires to characterize the latter in a way suitable for understanding what
computing systems may do to help user situation in them. Contexts, we have
recalled, are, intrinsically, multidimensional: they are spatial, since in any moment a
person is situated in a portion of space that can be, sometimes, a place she inhabits;
they are temporal, where we intend time with all its facets — the absolute one, when
we consider the current date and hour, or the relative one, when we consider the
current part of the day (morning, afternoon, etc.); they are social, when we consider
the social relations in which our actions and interactions are immersed. Making a
drastic schematization, we can claim that the social dimension embodies the other
ones, since social relations develop in space and time and play a major role in
configuring the sense-making vector of any action or interaction. What a person
is doing gets, in fact, its sense from the actor network (Latour 2005) which she is
part of, from its past events and from its events and mutual commitments scheduled
in the future. Summarizing shortly, a social context is generated by a thread of
past and future events involving an actor network within which its participants
create their common place and knowledge for sense making and effective action
and interaction. Its complexity has two orthogonal dimensions: on the one hand,
sharing an experience is never definitive — even if and when we live together, we
cannot share what we feel; on the other hand, we are generally engaged in several
different social experiences: this gives us the capability to enrich any experience in
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which we participate and, conversely, may distract us from contributing effectively
to any one of them.

Situated computing has to do, therefore, with supporting people in the threads
in which they participate. This may require the design of new applications but,
mainly, it needs a strong help from the applications a person is already using: first,
the workstation she uses as the principal terminal for organizing her augmented
workplace so that she is kept aware of her threads; second, the information resources
of the net and the information produced within the organizations which she is part of
that may be necessary for performing in those threads. But, as they are now, neither
the operating system for workstations is capable to support user participation in her
threads nor information resources (both in the net and in the information systems
of the organizations) are offering effective support; instead, they are making always
more complex for users situating themselves in the context where they are operating.

Situated computing calls for systems which are designed to take into account
the situatedness of human action. It challenges ICT scholars and professionals to
redesign the most diffused ICT applications, like operating systems of personal
computers and other mobile devices, on the one hand, ERPs and other organizational
computing systems, on the other.

5.6 Some Hints on Possible Situated Computing Systems

The generic definition I gave above may leave many readers unsatisfied. Therefore,
add to it some preliminary hints on how situated computing systems can be designed
and how I am doing some work in this line. I underline the adjective ‘preliminary’,
I have used in the lines above, because I cannot make any strong assertion on the
subject and I do not think that it would be serious to make strong assertions on it.
Being specific with respect to ‘situated computing’ is not possible because we are
speaking about not yet existing systems and we do not have any real experience with
them, so that we cannot evaluate the qualities of the software inspired by it, without
people experimenting it.

I will dedicate two separate subsections to (1) systems for end users (front ends)
and (2) big data repositories and systems for managing organizational information
(back ends), like in any client—server architecture. The front end needs to adhere
directly to the needs and desires of the user, while back ends need to be open to
what front ends may require for serving their users.

At front end side, it is necessary that systems (from personal computer operating
systems to web-based services for mentioning the two most important classes of
systems that are characterized by their front ends) are designed so that the context
of usage is accessible without noise and confusion. This requires that front ends
are designed keeping together the events constituting threads. We have designed
both an operating system for personal computers (De Michelis et al. 2009; De
Michelis 2015) and a platform for web services (De Michelis 2014) on the basis
of a new metaphor, called ‘stories and venues’, considering the life of human beings
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as the intertwining of several different stories and considering for each story the
venue where participants find all that is relevant in it. Stories, as sets of threads, are
not objective phenomena; rather, they are quite subjective — different people may
group in a story different threads — but they are not arbitrary, because threads are,
in our approach, the new atomic elements of human experience. How can a story
be captured/reflected in a digital application? Organizing the user workspace so that
she can access, for each story, to all and only what characterizes it and she can move
among her stories. The apparent contrast between multiplicity (of stories) and their
openness can be solved putting at their boundaries the resources needed to grant
continuity (Brown and Duguid 1994; De Michelis 1998, 2003).

At back end side, the question is quite different: the problem is making any
system supporting services or containing data and/or information that users may
need to be as open and accessible as possible. Disregarding, here, web-based
systems making public large amount of information, for whom the perspective of
open linked data promises the needed developments, let us to discuss here, briefly,
systems containing the information of organizational systems like ERPs, because,
as they are today, they are quite far from what situatedness requires (Dorner et al.
2009).

ERPs and the likes owe their large popularity and diffusion to the fact that they
were able to integrate the different information generated by an organization (logis-
tics and accounting, marketing and production, etc.) creating a unique database
reflecting a well-defined organizational model that serves all the functions of the
organization. This choice has determined a strong standardization of the architecture
of information systems (whose efficiency in the routinary tasks is quite high), as
well as of the ways to build them (building an ERP is a well-defined task that
can be completed in less than 1 year), but, conversely, has made any information
processing that is not defined in accordance with the standards characterizing the
system difficult (generally a ‘mining’ activity is needed in this case). The growing
relevance that business intelligence and strategic planning have within organization
tells us that unforeseen processing of organizational information is becoming a
frequent and non-exceptional need: how can we couple the efficiency of existing
ERPs with flexibility?

Can ERP systems be redesigned so that innovation and changes to information
processing can be possible despite the strong integration of applications they imply?

As a blueprint for this objective, I shortly indicate what follows. First, we
can redesign ERP systems as modular systems made of small modules separating
functions and data (a similar proposal can be found in Dorner et al. 2009). This
means that users will build their system in a bricolage-like style (Ciborra 1999)
selecting their components in a large library of modules and linking them in
accordance with the business intelligence governing the organization. It has to be
underlined that designing the new generation of ERP systems sketched above is
possible today, thanks to some ICT technology that has appeared today.

First, cloud computing (Armbrust et al. 2010), among other potential advantages
deriving from its capability to support a pay per use policy, offers a strongly
homogenous platform simplifying the construction of modular systems; second,
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mashup technology allows a flexible merging of several APIs needed for interacting
with different organizational systems and websites in the front end of user worksta-
tions; third, ontologies, supporting an effective tagging of software objects, allow to
substitute the vertical integration typical of traditional ERPs with the light coupling
you can get through metadata.

It may be useful to underline, here, that modularity has been for long time a
concept that scholars and practitioners considered capable to increase the quality
of systems, but it has been obstructed, up to now, for its difficult feasibility in
heterogeneous computing environments. Cloud computing, with its homogeneous
hardware and software platform, together with mashup and ontologies, dissolves
the obstacles modular systems have encountered up to now.

5.7 Conclusion

All the new systems we can design and build along the ‘situated computing’
perspective constitute a great challenge for the community of CSCW and related
area researchers, since all of them will strongly influence our engagement with the
development of ICT technology.

It is a challenge that they can accept, because the features characterizing ‘situated
computing’ systems emerge from an interaction design (Telier 2011) approach.
Their further characterization is not possible without the adoption of the same
approach that those disciplines dedicate to new and emergent applications like Web
2.0, collaboration systems, and the likes, for mature systems that have conquered a
solid and permanent position in organizations.

But the solidity and duration of existing ICT technologies on the desktops and
in the inner parts of organizations tells us that innovation in that field requires a
great cure in managing the transition from existing to new systems. The migration
from an ERP to its modular replacement is a complex process, both at the human
(organizational) and technological levels, requiring that new systems are designed
for supporting this migration.

Even more difficult is the transition from operating systems based on the desktop
metaphor to the new ones that can be designed along the situated computing
perspective, since, here, we deal with human behaviour and expectations. It is well
known that innovative systems may fail, because users refuse to pay the price to
abandon their system (which is transparent to them, even when ineffective) for
adopting the new one (which requires an extra cognitive effort for being used). This
means that the design of a new operating system for workstation must couple its
innovativeness with the highest degree of continuity with the systems it wants to
substitute. It seems a strange paradox, but it indicates the critical quality supporting
the adoption of innovation in areas where technology is already present.
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Chapter 6
Meta-design: Transforming and Enriching
the Design and Use of Socio-technical Systems

Gerhard Fischer and Thomas Herrmann

The meta-design of socio-technical systems (STSs) is an approach which complies
with the need of integrating two different types of structures and processes: technical
systems which are engineered to provide anticipatable and reliable interactions
between users and systems and social systems which are contingent in their
interactions and a subject of evolution. Meta-design is focused on objectives,
techniques, and processes to allow users to act as designers. In doing so, it does not
provide fixed solutions but a framework within which all stakeholders (designers
and users) can contribute to the development of technical functionality and the
evolution of the social side such as organizational change, knowledge construction,
and continuous learning.

This paper describes the possibilities of transforming and enriching the design
and use of STSs grounded in the conceptual framework of meta-design. It explores
cultures of participation, seeding, evolutionary growth and reseeding, and under-
design as specific components of the framework. Two specific examples of meta-
designed STSs illustrate the conceptual framework, and findings derived from the
assessment of these developments in practice are briefly discussed. Based on the
combination of conceptual and methodological consideration, initial guidelines for
the meta-design of STSs are derived.
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6.1 Introduction

New technologies and new media are important driving forces and prerequisites to
address the complex and systemic problems our societies face today. But technology
alone does not improve social structures and human behavior, making the design
of socio-technical systems (STSs) (Herrmann 2003; Mumford 2000; Trist 1981) a
necessity rather than a luxury.

A unique challenge faced in focusing on STSs is that they combine two types of
fundamentally different systems:

* Technical systems that are produced and continuously adapted to provide a
reliable, anticipatable relationship between user input and the system’s output.
This relationship is engineered to serve the needs of users and is preplanned.

* Social systems that are the result of continuous evolution including emergent
changes and behavior. The development of their characteristics cannot be planned
and controlled with respect to the final outcome; the changes within STSs are a
matter of contingency (Luhmann 1995). They can only—if ever—be understood
afterward and not in advance; social systems mainly serve their own needs and
not those of others.

The strength of STSs is that they integrate these different phenomena so that
they increase their performance reciprocally. Even more important, the integration
of technical and social systems helps them to develop and to constitute each other,
for example, the interaction among community members is supported by technical
infrastructure, and the members themselves can contribute to the development
of the infrastructure (as it is, e.g., demonstrated by open-source communities).
However, the relationships between the development of the social and the technical
are not deterministic but contingent. For example, developing software for specific
organizations does not deterministically change them but only influences the
evolution of their social structures. Software designers can be reflective with respect
to the impact of a software system on its social context, and they can make their
assumptions about the expected evolution of the social system explicit and a matter
of discourse, but they cannot control the organizational change.

One emerging unique opportunity to make a systematic and reflected contribution
to the evolution of social structures in STSs is meta-design (Fischer and Giaccardi
20006), representing a design methodology supporting the evolution of systems that
have contingent characteristics. Whereas many design activities aim to develop
concrete technical solutions, meta-design provides a framework within which STSs
can be developed. Focusing meta-design on the development and evolution of STSs
gives the opportunity for a more detailed reflection of methodological implications
and guidelines. Meta-design of STSs leads to new considerations that complement
traditional participatory design, end-user programming, or previous principles for
the design of STSs.

The paper discusses our understanding of STSs and meta-design. In our analysis,
we draw on a body of literature and on a variety of concepts that stem from
an interdisciplinary background, such as the interdependence between technology
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and organization (Orlikowski 1992), sociological systems theory (Luhmann 1995),
wicked problems (Rittel and Webber 1984), participatory design (Kensing and
Blomberg 1998), and end-user development (Lieberman et al. 2006).

We describe several different theoretical approaches (cultures of participation,
the SER model, and the underdesign methodology) being relevant for the integration
of STSs and meta-design. These theoretical considerations are complemented with
insights derived from concrete examples that we have developed in our research.
Based on the theoretical analysis and the reflection of practical cases, we provide a
short list of guidelines for transforming and enriching the design and use of socio-
technical systems with meta-design. The concluding section summarizes the reasons
for a meta-design approach in the context of socio-technical systems.

The paper represents a condensed (in some parts) and extended (in other parts)
version of a paper entitled “Socio-Technical Systems: A Meta-Design Perspective”
published earlier by the two authors (Fischer and Herrmann 2011).

6.2 Socio-technical Systems (STSs)

6.2.1 Characteristics of STSs

Socio-technical systems can be understood as the systematic integration of two
kinds of phenomena that have very diverging, partially contradictive characteristics.
STSs are composed both of computers, networks, and software and of people,
procedures, policies, laws, and many other aspects. STSs therefore require the
codesign of social and technical systems (Herrmann 2009).

Whereas technical systems are purposeful artifacts that can reliably and repeat-
edly be used to support human needs and to enhance human capabilities, social
systems are dedicated to purposes that lay within themselves and are a matter of
continuous change and evolution, which makes their behavior difficult to anticipate.
Social structures can be identified on several levels: communicative interaction
between people or in small groups such as families or teams, organizations or orga-
nizational units, communities, or social networks. The reactions of social systems to
their environment are contingent—they are not independent from external stimuli,
but they also are not determined by them. As opposed to necessity, universality,
constancy, and certainty, contingency (Pedersen 2000):

» Refers to variability, particularity, mutability, and uncertainty

* Implies that the system creates its own necessity in its pattern of reactions toward
events

* Provides a basis for continuous evolution, including opportunities for emergent
changes

How new phenomena will emerge in social systems cannot be predicted or made
the result of a well-planned, algorithmically organized procedure; they depend on
coincidences and are context related in the sense of situatedness (Suchman 1987).
Technical systems may also react contingently toward their users, but the more
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mature a technical system has become, the more one will expect that it is reliable for
the users, predictable, and noncontingent. Obviously, the socio-technical perspective
covers more aspects than the viewpoint of human-computer interaction (HCI): it is
about the relationship between technical infrastructure as a whole and structures of
social interaction, which cover organizational and coordination issues, sensemaking,
and common ground as a basis for communication, power relations, negotiation,
building of conventions, and so forth.

It is not unlikely that formal communication, anticipatable procedures, scripts,
and prescriptions may be empirically observable within in social systems. For
example, workflow management systems (Herrmann and Hoffmann 2005) demon-
strate the managerial attempt to implement scripts and institutionalize plan-oriented
behavior in the context of organizations. However, it is a social system’s dominant
characteristic that rules and routines can be revised and become subjects of
negotiation, and it cannot be predicted whether and when anticipatable behavior
is no longer sustained but becomes a subject of evolutionary or emergent change.

By contrast to those researchers who assume that complex human activities can
also be assigned to technical systems (Latour 1999), we suggest that the crucial
characteristics of social versus technical systems point in two opposite directions
(Table 6.1). The strength of socio-technical systems results of the integration of

these two kinds of different phenomena.

Table 6.1 Main characteristics of technical and social systems

Technical systems

Social systems

Origins Are a product of human activity, can | Are the result of evolution, cannot be
be designed from outside designed but only influenced from
outside
Control Are designed to be controllable with | Always have the potential to challenge
respect to prespecified performance control
parameters
Situatedness | Low: preprogrammed learning and High: includes the potential of
interaction with the environment improvisation and non-anticipatable
adaptation of behavior patterns
Changes Are either preprogrammed so that Evolutionary: gradual accumulation of
changes can be autonomously small, incremental changes, which can
conducted but are anticipatable or are |lead to emergent changes (which,
a result of interventions from outside | however, are not anticipatable). There
(so that a new version is established) | is no social system that can simulate
the changes of another social system
Contingency | Are designed to avoid contingency; The potential for change and evolution
the more mature a version is the less | is based on contingency
its reactions appear as contingent
Criteria Correctness, reliability, unexpected, Personal interest, motivation; in the
unsolicited events are interpreted as case of unsolicited events, intentional
malfunction malpractice may be the case
Modeling Can be modeled by describing how Models can only approximate the real

input is processed and leads to a
certain output

behavior and have continue to be
adapted
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6.2.2 Beyond Coincidental Connectedness: The Need
Jfor Systematic Integration

STSs are more than a coincidental connectedness of technical components and
people. STS research is not just applying sociological principles to technical effects,
but it explores how social and technical aspects integrate into a higher-level system
with emergent properties.

The synergy between technical and social systems can be achieved only if
both parts are closely integrated. One of the important theoretical challenges with
respect to STSs is to explain how this integration can happen, by which factors it
is influenced, and how it can be observed. Sociologists such as Luhmann (1995)
and Habermas (1984) identify communication, among all kinds of human activities,
as the most relevant constituent of social systems. Our research emphasizes the
role of communication when we try to understand the integration between social
and technical structures. The degree of integration between social and technical
structures increases with the extent of the following factors:

e Communication that uses the technical systems as a medium helps to convey
communicational acts and shapes them.

e Communication about the technical system includes how it is used, how it has
to be maintained, how it could be adapted to the needs of an organization and
its users, how its effects can be compared with other technical systems, and so
forth. This kind of communication leads to what we can call the appropriation
of the technical system by the social system. The communication mirrors the
organization’s understanding of the technical structures.

* Content or social structures (e.g., responsibilities or access rights) regulating
communication are being represented within the technical system as well as the
social structures.

» Self-description describes and constitutes the characteristics of the STSs and can
be found in the oral communication and in the documents of the social system as
well as in the technical system’s content and structures (Herrmann et al. 2007).

Within the large set of areas where socio-technical integration takes place, this
paper focuses on the design of technical systems that are related to information
processing and software development. To determine a clear focus with respect to the
social structures into which technical systems are integrated proves difficult. The
classical socio-technical literature (Trist 1981) usually addresses the meso-level,
concerning such organizations as companies, administrations, and nongovernment
organizations (NGOs) or their subunits. However, with the emergence of the web,
and in particular Web 2.0 and social software, phenomena have to be taken into
account such as virtual communities, which form larger units between the middle-
and the macro-level where individuals and/or several companies are interacting
within new social structures that became possible only by new types of technical
infrastructure. The new phenomena that emerged in the context of the web and
Web 2.0 also gave new reasons for intensifying socio-technical analyses and
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approaches. It also became obvious that socio-technical phenomena cannot always
be appropriately described by the concept of “closed system” as it is defined by
Maturana and Varela (1980). By contrast, it can be more adequate to focus the
analysis on socio-technical environments (Carmien and Fischer 2008) within which
the integration of technical and social structures can develop. Such a socio-technical
environment is less the result of engineering or design activities and more a context
within which design takes place and is intertwined with the evolutionary growth of
social structures.

With respect to their evolution, socio-technical systems integrate two charac-
teristics: on the one hand, they are the result of such human activities as design,
engineering, managing, communication, learning, and continuous improvement; on
the other hand, they serve on a higher level as the environment or framework within
which these kind of human activities take place. Therefore we argue that the concept
of “meta-design” is more appropriate to describe how socio-technical systems are
developed and do develop.

6.3 Meta-Design: Enriching the Ecology of Design
Methodologies

6.3.1 Established Design Methodologies

In all design processes two basic stages can be differentiated: design time and use
time. The established design methodologies are primarily related to design time:
system developers (with or without user participation) create environments and tools
for the world as imagined by them to anticipate users’ needs and objectives. They
engage in formal and intentional design activities targeted toward the creation of
artifacts or systems as imagined. They engage in planning activities guided by the
predicted needs of future user populations.

At use time, users will use the system. Their activities are shaped by a world
as experienced, they are able to deal with a world as experienced, and planning is
enriched by situated actions. But because their needs, objectives, and situational
contexts can only be anticipated at design time, the system often requires modifica-
tion to fit the users’ needs (Henderson and Kyng 1991).

The need to empower users as designers and active contributors is not a luxury
but a necessity: computational systems modeling some particular “world” are
never complete; they must evolve over time because (1) the world changes and
new requirements emerge, and (2) skilled domain professionals change their work
practices over time—their understanding and use of a system will be very different
after a month and certainly after several years. If systems cannot be modified to
support new practices, users will be locked into existing patterns of use.

The following established design methodologies (Ye and Fischer 2007) can be
differentiated (with respect to: which stakeholders are present at design and use
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time, which information do they take into account, and which activities do they
carry out):

Professional Design. Early digital artifacts were developed by professionals
without too much concerns about users. This was an adequate design methodol-
ogy at the time, because the users were computer professionals and the designers
lived in the same “world” as the users.

User-Centered Design. As digital artifacts became more ubiquitous and users
were not only computer professionals but came from all disciplines, user-
centered design (Norman and Draper 1986) complemented professional design.
Designers (with the help of ethnographers) studied use community and derived
design criteria characterizing the world of different use communities.
Farticipatory design approaches (Kensing and Blomberg 1998; Schuler and
Namioka 1993) seek to involve users (or user representatives) more deeply in
the process as co-designers at design time by empowering them to propose
and generate design alternatives themselves (see Fig. 6.1). Participatory design
(characterized as design for use before use in Binder et al. (2011)) supports
diverse ways of thinking, planning, and acting by making work, technologies,
and social institutions more responsive to human needs. It requires the social
inclusion and active participation of the users. Participatory design has focused
on system development at design time by bringing developers and users together
to envision the contexts of use.

The three design methodologies described above focused primarily on activities

and processes taking place at design time in the systems’ original development
and have given little emphasis and provided few mechanisms to support systems
as living entities that can be evolved by their users.

But despite the best efforts at design time, systems need to be evolvable to fit new

needs, account for changing tasks, deal with subjects and contexts that increasingly
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Fig. 6.1 Design and use time—roles and involvements in participatory design
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blur professional and private life, couple with the socio-technical environment in
which they are embedded, and incorporate new technologies (Henderson and Kyng
1991).

6.3.2 Meta-design

Meta-design (Fischer and Giaccardi 2006) provides the enabling conditions for
putting owners of problems in charge by defining the technical and social conditions
for broad participation in design activities. It addresses the challenges of fostering
new mind-sets, new sources of creativity, and cultural changes to create foundations
for innovative societies.

Meta-design is an emerging conceptual framework aimed at defining and creating
socio-technical systems or environments and at understanding both as living entities.
It extends existing design methodologies focused on the development of a system at
design time by allowing users to become co-designers at use time. Meta-design
(see Fig. 6.2), characterized as design for design after design in Binder et al.
(2011), is grounded in the basic assumption that future uses and problems cannot
be completely anticipated at design time, when a system is developed (Suchman
1987; Winograd and Flores 1986). At use time, users will discover mismatches
between their needs and the support that an existing system can provide for them.
Meta-design extends boundaries by supporting users as active contributors (“users
as designers”) who can transcend the functionality and content of existing systems.
By facilitating these possibilities, control is distributed among all stakeholders in
the design process.

Meta-design integrates approaches, which comprise objectives, techniques, rep-
resentations of concepts, boundary objects, and processes for creating new media
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and environments that allow “owners of problems” as members of a social system
to act as designers. A fundamental objective of meta-design is to establish a basis for
the creation of STSs that empower all relevant stakeholders of groups, communities
of practice, communities of interest, and organizations to engage actively in the
continuous development of a concrete socio-technical solution rather than being
restricted to a prescribed way of interacting with the technical system or with its
users.

The crucial aspect of meta-design, which leads to its name, is that of designing
design (Fischer and Giaccardi 2006). This refers to the concept of higher-order
design and the possibility of a malleability and modifiability of structures and
processes as provided, supported, or influenced by computational media. It is a
design approach that focuses on a framework of general structures and processes,
rather than on fixed objects and contents, and rules.

The meta-design objective of “designing design” supports IT developers to
overcome the following dilemma: on the one hand, a successful usage of software
does not only rely on its technical features but also on the development of
appropriate organizational processes and structures representing the context of
the software’s application. Therefore, meta-designers should not solely focus on
technology but also support managers and those who are in charge with organi-
zational development. On the other hand, organizational structures and processes
evolve by the activities, routines, and decisions of people and are not a subject of
design methods which are usually focused on artifacts. However, meta-designers
can develop a framework (in participatory design efforts with domain experts) that
allows its users to intertwine the design of technical systems and the development
of appropriate organizational structures and procedures to integrate them into
a socio-technical system. Typical examples for this objective are features that
support the specification of rules for accessing data or documents. On the basis
of those features, users can develop their own organizational rules for accessing
information and implement them with the help of support mechanisms provided by
the meta-designers. “Designing design” does therefore not only support technical
modifications but also provides a framework for the development of additional
organizational features.

6.4 Components of the Conceptual Framework

6.4.1 Cultures of Participation

Cultures are defined in part by their media and their tools for thinking, working,
learning, and collaborating. In the past, the design of most media emphasized a clear
distinction between producers and consumers (Benkler 2006). In a similar manner,
our current educational institutions often treat learners as consumers, fostering a
mind-set in students of “consumerism” rather than “ownership of problems” for the
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rest of their lives. As a result, learners, workers, and citizens often feel left out of
decisions by teachers, managers, and policymakers, denying them opportunities to
take active roles.

The rise in social computing (based on social production and mass collaboration)
has facilitated a shift from consumer cultures (specialized in producing finished
artifacts to be consumed passively) to cultures of participation (in which all people
are provided with the means to participate and to contribute actively in personally
meaningful problems) (Fischer 2011). These developments represent unique and
fundamental opportunities, challenges, and transformative changes for innovative
research and practice in socio-technical systems as we move away from a world in
which a small number of people define rules, create artifacts, and make decisions
for many consumers toward a world in which meta-design environments support
everyone to actively participate.

Our research is exploring theoretical foundations and system developments for
understanding, fostering, and supporting cultures of participation grounded in the
basic assumption that innovative technological developments are necessary for
cultures of participation, but they are not sufficient. Socio-technical environments
are needed because cultures of participation are not dictated by technology: they
are the result of changes in human behavior and social organization in which active
contributors engage in innovative design, adoption, and adaptation of technologies
to their needs and in collaborative knowledge construction. While cultures of
participation are dependent on interactive technologies, they are also different:
interactivity is a property of the technology, while participation is a property of
culture. A sole focus on expanding access to new technologies is limited if we do
not also foster the skills and cultural knowledge necessary to deploy those tools
toward our own ends.

Meta-design supports and requires cultures of participation by allowing people
with different competencies (in application domains, in media) to contribute to
socio-technical solutions. Cultures of participation are facilitated and supported by
a variety of different technological environments (such as the participatory Web
(“Web 2.0”) (O’Reilly 2005), tabletop computing, and domain-oriented design envi-
ronments), all of them contributing in different ways to the aims of engaging diverse
audiences, enhancing creativity, sharing information, and fostering the collaboration
among users acting as active contributors and designers. They democratize design
and innovation (von Hippel 2005) by shifting power and control toward users,
supporting them to act as both designers and consumers (“prosumers”) (Tapscott
and Williams 2006) and allowing systems to be shaped through real-time use. Meta-
design supports the inclusion of user-generated content in cultures of participation,
in which “content” is broadly defined as (a) creating artifacts with existing tools
or (b) changing the tools. In specific environments, such as open-source software,
the content is subject to the additional requirement of being computationally
interpretable.
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6.4.2 Seeding, Evolutionary Growth, and Reseeding (SER)
Model

The SER model (Fischer and Ostwald 2002) (see Fig. 6.3) was developed as a
descriptive and prescriptive model for creating systems that best fit an emerging
and evolving context. In the past, large and complex systems were built as complete
artifacts through the large efforts of a small number of people. Instead of attempting
to build complete systems, the SER model advocates building seeds that change and
grow and can evolve over time through the small contributions of a large number
of people. The seeds play the role of boundary objects (Star 1989), to which the
communication between involved people can refer. SER postulates that systems that
evolve over a sustained time span must continually alternate between periods of
planned activity and unplanned evolution and periods of deliberate (re)structuring
and enhancement.

The SER model encourages designers to conceptualize their activity as meta-
design, thereby aiming to support users as active contributors. The applicability,
feasibility, and usefulness of the SER model have been demonstrated in the context
of several STSs (including the two described in Sect. 6.5).

Meta-design provides methods and practices that support seeding and evolution-
ary growth. SER works only in the context of the other principles of meta-design
such as participation, underdesign, and empowerment for adaptation. Similar to
action research (Avison et al. 1999) or the behavior of reflective practitioners (Schon
1983), phases of experimenting and practicing have to alternate with phases of
reflection during the evolutionary growth. Transferring the SER model to STSs
implies that seeds are built not only for technical features but also for social
structures and interactions. The growth of the seeds (for both the technical and social
dimensions) cannot be anticipated at design time. How seeds will evolve or are used
is situated in future uses at use time and cannot be sufficiently planned at design
time.
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Fig. 6.3 The seeding, evolutionary growth, and reseeding (SER) model
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Developments conceptualized with the SER model see the “unfinished” as an
opportunity rather than as an obstacle or as something to be avoided. It is grounded
in the basic assumption that for most real-world systems “design time” and “use
time” should not be totally separated and suggests a more complex relationship
between these different phases.

6.4.3 Underdesign

To accommodate unexpected issues at use time, systems need to be underdesigned
at design time. Underdesign (Brand 1995; Habraken 1972) in this context does not
mean less work and fewer demands for the design team, but it is fundamentally
different from creating complete systems. The primary challenge of underdesign
is to develop not solutions but environments that allow the owners of problems
(Fischer 2002) to create the solutions themselves at use time. This can be done
by providing a context and a background against which situated cases, coming up
during use time, can be interpreted. Underdesign is a defining activity for meta-
design aimed at creating design spaces for others. It assumes that the meaning,
functionality, and content of a system are not fully defined by designers and user
representatives alone at design time but are socially constructed throughout the
entire design, deployment, and use cycles of the system. Underdesign is based on
the following design principles and mechanisms:

» It is grounded in the need for “loose fit” in designing artifacts at design time so
that unexpected uses of the artifact can be accommodated at use time; it does so
by creating contexts and content-creation tools rather than focusing on content
alone.

» It avoids design decisions being made in the start of the design process, when
everyone knows the least of what is needed.

» It offers users (acting as designers at use time) as many alternatives as possible,
avoiding irreversible commitments they cannot undo (one of the drawbacks of
overdesign).

* It acknowledges the necessity to differentiate between structurally important
parts for which extensive professional experience is required and therefore not
be easily changed (such as structure-bearing walls in buildings) and components
which users should be able to modify to their needs because their personal
knowledge is relevant.

e It creates technical and social conditions for broad participation in design
activities by supporting mechanisms for adaptation, remixability, and evolution at
use time by offering functionality for tailorability, customization, and user-driven
adaptability (Morch 1997).

With respect to social structures, the American Constitution can be considered
as one of the biggest success cases for underdesign (Simon 1996). Written over
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200 years ago and updated by only a small number of amendments, it still serves
as a foundation for the United States of America in a world that has changed
dramatically.

Underdesign in the context of STS not only refers to hardware and software
but also to the plans that describe how the technology will be used and how
the collaboration of the users is coordinated. The most prominent examples of
representing this kind of plan are process models. They can be overdesigned, as
in the case of models that are developed to implement organizational prescrip-
tions by programming workflow management engines. Preprogrammed workflow
management systems force the users into inflexibility, which causes problems in
handling exceptions or improvising a solution, for example. Conversely, it is not
reasonable to go without explicit process models because they help people within
an STS explain the need for changes to others, introduce newcomers to the STS, or
document changes that have taken place so that evolutionary growth is supported
(Smith 1997). The solution pursued by our research team is the modeling method
SeeMe (Herrmann et al. 2004) supporting underdesign with flexible degrees of
incompleteness and impreciseness.

SeeMe was developed to support the drafting of organizational plans that mix
prescriptions with space for free decisions (Fischer and Herrmann 2011). The
following examples can frequently be observed in practical cases:

e There is a mix of two types of decisions in the course of tasks: (1) the first
type can be freely made by users who are carrying out the tasks, and (2)
the second type is made by others such as superiors or quality management
representatives. With increasing experience the control by others becomes more
and more irrelevant and is often only a subject of formal execution. Flexible
planning allows the organization to react on the increase of competencies. For
example, in the case of collaboratories (see Sect. 6.5.1), users who did not dare
to modify the features without the help of others will start to do this after a period
of growing confidence.

» Activities can either be carried out in a prescribed sequence or in a sequence
that is specified by those who carry out the work. In many cases sequences
are prescribed although they do not represent the most efficient procedures.
Similarly, organizational planning requires in many cases that a certain task is
completed before the next one can start despite the fact that this requirement is
very often unnecessarily inflexible.

» Adaptation of a plan at use time can be an activity that is part of the plan
developed at design time. The meta-designers can specify when and under which
conditions such a replanning should take place.

Another approach toward underdesign is environments for open systems and
open design spaces (Budweg et al. 2009), which are systems focused on the
“unfinished” and take into account that design problems have no stopping rule
and need to remain open and fluid to accommodate ongoing change and for which
“continuous beta” becomes a desirable rather than a to-be-avoided attribute.
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6.5 Examples of Meta-designed STSs

As indicated in Sect. 3.3.2, the principles of meta-design have been applied in
numerous projects. The two projects described in this section illustrate the meta-
design of STSs in two different domains: decision-making environments for urban
planning and support system for cognitively disabled persons.

6.5.1 The Envisionment and Discovery Collaboratory (EDC)

The EDC (Arias et al. 2001) is a long-term research platform that explores
conceptual frameworks for new paradigms of learning in the context of design
problems. It represents an STS supporting reflective communities by incorporating a
number of innovative technologies, including tabletop computing environments, the
integration of physical and computational components supporting new interaction
techniques, the support of reflection in action as a problem-solving approach (Schon
1983), and an open architecture supporting meta-design activities.

The EDC serves as an immersive social context in which a community of
stakeholders can create, integrate, and disseminate information relevant to their
lives and the problems they face. The exchange of information is encouraged
by providing stakeholders with tools to express their own opinions, requiring an
open system that evolves by accommodating new information. The information is
presented and handled in a way that it can be used as boundary objects. For example,
city planners contribute formal information (such as the detailed planning data
found in Geographic Information Systems), whereas citizens may use less formal
techniques (such as sketching) to describe a situation from their points of view.
Figure 6.4 shows the EDC in use, illustrating the following features:

* The pane at the bottom shows a tabletop computing environment that serves as
the action space: the stakeholders engage in determining land use patterns as a
collective design activity in the context of an urban planning problem; this can
be easily done, e.g., by moving around tangible blocks.

* The left pane at the top is the associated reflection space in which quantitative
data (derived dynamically from the design moves in the action space) is
displayed.

* The right pane at the top visualizes the impact of the height of new buildings
(sketched by the stakeholders in the action space) on the environment by using
Google Earth.

The EDC brings together participants from different domains who have different
knowledge from various backgrounds to collaborate in resolving design problems.
The contexts explored in the EDC (e.g., urban planning, emergency management,
and building design) are all examples of ill-defined, open-ended design problems
(Rittel and Webber 1984).
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Fig. 6.4 The envisionment and discovery collaboratory (EDC)

The following example illustrates how the stakeholders gathered around the
tabletop computing environment explore one of these ill-defined, open-ended design
problems: the community has designed a new bus route and tries to decide where
the bus stops should be placed. As shown in Fig. 6.5, stakeholders identify where
they live by placing a house on the table, and they indicate how far they are willing
to walk in good weather (large circles around the houses) and in bad weather (small
circles around the houses). After specifying this information, colored circles appear
around their house icons, indicating the range of area in which they might be willing
to walk to catch a bus. As the participants all specify their information, the display
shows emerging, overlapping patterns of areas that might be suitable for bus stops,
providing information and perspectives that no individual had in their head prior to
the exercise.

The EDC is a collaboratory (Finholt and Olson 1997) where people come
together to work on such tasks such as design, planning, developing visions, and
solving concrete problems and are willing to collaborate, to learn from each other,
and to reflect and improve the tools and methods they use. The constituents of a
collaboratory are not only the technical infrastructure; they also include:

* People who dynamically share various roles and tasks as well as their social
interaction; they are users of the collaboratory.
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Fig. 6.5 Walking-distance
scenario

* Places where results are documented and archived.

e Properties of the collaboratory, such as subjects of reflection and making
proposals for improvement.

* Some people who prepare sessions in the collaboratory and maintain it, some
who have the task to develop visions of how the collaboratory can evolve, and
some who work on adapting the technology and contributing to incremental
improvement.

Collaboratories are places where heterogeneous perspectives are melted, trans-
disciplinary collaboration takes place, and learning is continuously going on
(Fischer 2001). They are special but typical examples of STSs, and their properties
and constellation are very flexible and include a wide range of possibilities for
further development so that they can be considered as the typical outcome of meta-
design.

6.5.2 The Memory Aiding Prompting System (MAPS)

Individuals with cognitive disabilities are often unable to live independently due
to their inability to perform activities of daily living, such as cooking, housework,
or shopping. By being provided with socio-technical environments to extend their
abilities and thereby their independence, these individuals can lead lives less
dependent on others.
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Fig. 6.6 The MAPS design environment (MAPS-DE) for creating scripts

MAPS (Carmien 2006) provides an environment in which caregivers (such as
relatives, professionals, voluntary helpers) can create scripts that can be used by
people with cognitive disabilities (“clients”) to support them in carrying out tasks
that they would not be able to achieve by themselves.

MAPS consists of two major subsystems that present different affordances for
the two sets of users: (1) the MAPS design environment (MAPS-DE) for caregivers
employs web-based script and template repositories that allow content to be created
and shared by caregivers of different abilities and experiences, and (2) the MAPS
prompter (MAPS-PR) for clients provides external scripts that reduce the cognitive
demands for the clients by changing the task. The specific tasks that we studied
and supported with MAPS included: using public transportation systems (Carmien
et al. 2005), folding clothes in a secondhand store, and going shopping with a list of
images rather than textual descriptions of objects (see Fig. 6.6).

To effectively support users, the scripts created with MAPS-DE are specific for
particular tasks, creating the requirement that the people who know about the clients
and the tasks (i.e., the local caregivers rather than a technologist far removed from
the action) must be able to develop scripts. Caregivers generally have no specific
professional technology training nor are they interested in becoming computer pro-
grammers. This creates the need for STSs complying with meta-design guidelines
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(see Sect. 6.7) to allow caregivers to create, store, and share scripts. Figure 6.6
shows MAPS-DE for creating complex multimodal prompting sequences. The
prototype allows sound, pictures, and video to be assembled by using a filmstrip-
based scripting metaphor.

Prompting is an established technique used for both learning and performing
a task by people with cognitive disabilities by verbally instructing them through
each step, until it has been internalized by the promptee, such that he/she could
successfully perform the task unaided. Prompting has been historically part of
instructional techniques for persons with cognitive disabilities: being prompted
through tasks in a rehearsal mode and then using the memorized instructions at use
time. A prompting script is a sequential set of prompts that when followed perform
a task.

MAPS-PR presents to clients the multimedia scripts that support the task to be
accomplished. Its function is to display the prompt and its accompanying verbal
instruction. MAPS-PR has a few simple controls (see Fig. 6.7): (1) the touch screen
advances the script forward one prompt and (2) the four hardware buttons on the
bottom, which are mapped to (i) back up one prompt, (ii) replay the verbal prompt,
(iii) advance one prompt, and (iv) activate panic/help status. The mapping of the
buttons to functions is configurable to account for the needs of individual users and
tasks.

MAPS supports the off-loading of the memorization and decision-making ele-
ments of the task to the device and the system that supported it. Our research in this
context (Carmien and Fischer 2008) explored meta-design, cultures of participation,
and underdesign by supporting mobile device customization, personalization, and
configuration by caregivers and effective use by clients.
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6.6 Findings and Assessment of the Conceptual Framework
in Practice

Our conceptual framework of meta-design (Sect. 6.3) and its components (Sect. 6.4)
has served as the design methodology in the development of the two case studies
EDC and MAPS (Sect. 6.5). This section reports some of the findings and
assessments that we have gathered by employing the EDC and MAPS in practice
(a closely related approach linking case studies with a conceptual framework for
CSCW is described in Wulf et al. (2011)).

6.6.1 The Envisionment and Discovery Collaboratory (EDC)
6.6.1.1 Beyond the Information Given

One original design objective of the EDC was to create an end-user modifiable
version of SimCity (http://en.wikipedia.org/wiki/SimCity_4) that transcended the
modification possibility provided by the game designers (e.g., using a bitmap editor
to change the appearance of objects). A specific example that guided us in our
approach is as follows: if players in SimCity notices that there is too much crime in
their city, they can fight crime by increasing the police force—but there is no support
to reduce crime by increasing social service. The designers did not anticipate at
design time that players wanted to explore this option.

While we have not directly solved this specific issue, we have included mech-
anisms within the EDC to allow participants to inject content into the simulations
and adapt the environment to new scenarios by creating ways to link to existing
data and tools so that participants can draw on information from their own areas
of expertise to contribute to the emerging, shared model. These mechanisms
support that the design activities complement guidelines, rules, and procedures with
exceptions, negotiations, and work-arounds to complement and integrate accredited
and expert knowledge with informal, practice-based, and situated knowledge (Orr
1996; Suchman 1987; Winograd and Flores 1986).

6.6.1.2 Cultures of Participation

Urban planning (one of the major application domains for the EDC) can be
undertaken as a professionally dominated activity in which experts (city planners,
administrators, transportation developers) act as decision makers and citizens are
consumers. The EDC involves citizens as active participants and supports a culture
of participation as all stakeholders gather around a shared environment provided by
a tabletop computing environment (see Fig. 6.4).
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6.6.1.3 Who Are the Meta-designers and What Do They Do

The meta-designers use their own creativity to create socio-technical environments
in which other people can be creative. They must create the social conditions for
broad participation in design activities which is as important as creating the artifact
itself. Furthermore, they encourage and facilitate the objective to develop maximum
participation by activating as much knowledge as possible. The main activity of
meta-designers shifts from determining the meaning, functionality, and content of
a system to encouraging and supporting users to engage in these activities. Meta-
designers must be willing to share control of how systems will be used, which
content will be contained, and which functionality will be supported.

6.6.1.4 Support of Meta-design with Collaborative Work Practices

Early studies (Nardi 1993) already identified that meta-design is more successful
if supported by collaborative work practices rather than focusing on individuals.
The studies observed the emergence of “gardeners” and “local developers” who are
technically interested and sophisticated enough to perform system modifications
that are needed by a community of users, but other end users are not able or inclined
to perform. The EDC supports mutual development (Andersen and Mgrch 2009)
as a model for how professional developers and users contribute to development in
both design and use. For example, during the urban planning sessions, developers
supported users in overcoming problems with the technical environment; in doing
so0, they interacted with users and became immediately aware of further needs for
technical improvements.

Meta-design promotes the quality that the set and the characteristics of the
involved roles are highly dynamic: new roles emerge such as power users or
codevelopers (Nardi 1993), and the traditional roles can continuously achieve and
lose competencies that are needed to contribute to the development of their tools.
Meta-design promotes a rich ecology of participation (Fischer et al. 2008; Preece
and Shneiderman 2009), which includes a broad variety of roles with varying
characteristics.

6.6.1.5 Technical Infrastructures and Social Interactions of Various Roles
Are Intertwined

An early technical realization of the EDC required that the participants take turns
(e.g., in the scenario represented by Fig. 6.5). Consequently, participants had to
wait until one person has completed the moving around of a toy block before they
could go ahead with their own contributions. Experimental design sessions clearly
indicated that this was a restriction at odds with the social interactions that the
participants preferred. A newer hardware environment eliminated this limitation and
supported more flexible and fluent interactions. However, it has to be considered
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whether the possibility to act simultaneously might reduce the awareness of what
others are doing. Design trade-offs of this kind provide further evidence for the
reciprocal shaping between technical features and social interactions.

6.6.1.6 Collaboratories Evolve in Cultures of Participation with a Variety
of Participants in Various Roles

The EDC environment (similarly to other cultures of participation such as open-
source systems (Fischer et al. 2008)) supports a rich ecology of roles and the
migration between them. The particular roles that emerged in the EDC environment
are:

* Project leaders, who are responsible for the overall design and the usage of the
collaboratory

* Chief designers, who acted as meta-designers

* Users (being knowledgeable in different domains), who owned (e.g., being
residents in neighborhoods) parts of the problem to be investigated (e.g., the
design of a new bus line and where the bus stops should be placed)

* Scientists, who use the collaboratory as members of research teams.

» Students and teachers, who use the collaboratory for learning and knowledge
construction

In traditional design environments, it would have been a goal that the competen-
cies and roles of the involved stakeholders are clearly defined, and the responsibility
and authority of individuals are visible for all participants. By contrast, in an
evolving culture of participation, the tasks, activities, and competencies of these
roles can overlap: the technical infrastructure can be considered as a domain itself,
and problems of this domain are discussed and partially solved by everybody in the
collaboratories; the experts of other domains (e.g., urban planners) can contribute
with proposals for technical improvement (e.g., color-coding various risk zones with
respect to flooding); thus, users become codevelopers and vice versa, and developers
become co-users (by contributing data which supports urban planning).

6.6.1.7 Adaptation of the Technical Infrastructure Is User Driven

In his book Democratizing Innovation (von Hippel 2005), the author provides evi-
dence for the following claim (page 1): Users that innovate can develop exactly what
they want, rather than relying on manufacturers to act as their (often very imperfect)
agents. Moreover, individual users do not have to develop everything they need on
their own: they can benefit from innovations developed and freely shared by others.
Interesting evidence is provided from a variety of different areas: new mountain
bikes, new surfboards, and new application software are envisioned and designed
primarily by lead users rather than by manufacturers. We observed the same
developments in the EDC: innovative ideas for new developments originated with
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the needs of users. Some prominent examples of design requirements originated
from users are as follows: (1) the need for a virtual EDC (possibly implemented
in an environment such as Second Life) to support the collaboration of design
teams in Boulder and in San Jose, Costa Rica; (2) the integration of the EDC with
geographical information systems to greatly reduce the overhead to apply urban
planning situations to different locations; and (3) the linkage with Google Earth to
easily create visualizations of new buildings from different perspectives.

In the course of this collaboration, not only the technical infrastructure was
adapted but also the social system. Newcomers brought in new perspectives and
ideas of how the EDC could be enhanced and used. From the perspective of
meta-design, collaboratories are self-referential socio-technical systems: they are
designed to evolve, they are the place where this evolution takes place, they
provide the infrastructure that supports this evolution, and they provide the context
that represents the common ground on which this evolution is driven by the
communication between problem owners.

6.6.2 The Memory Aiding Prompting System (MAPS)
6.6.2.1 Caregivers as End-User Designers

A unique challenge of meta-design in the domain of cognitive disabilities is that the
clients themselves cannot act as designers, but the caregivers must accept this role.
Caregivers, who have the most intimate knowledge of the client, need to become the
end-user designers. They mediate between the contribution of MAPS designers (the
meta-designers) and the needs of clients by developing situationally adapted scripts
(see Fig. 6.8).

MAPS

designer Caregiver
0 R @.>
MAPS Design'ls a Script :
Scripts editor | Person
s with
Car'elgrver' cognitive
| disabilities
......... @ -ererrermsnsssssssnesssssssesssssssees @pesee o
Created Script Script
used

Fig. 6.8 Empowering caregivers to act as user designers
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Caregivers generally have no specific professional technology training nor are
they interested in becoming computer programmers. This creates the need that meta-
design provides extensive end-user support to allow caregivers to create, store, and
share scripts. To identify requirements for meta-design, the following studies were
conducted:

* Discovering and learning about the client’s and caregiver’s world and their
interactions

* Observing and analyzing how tasks and learning of tasks were currently con-
ducted

* Understanding and explicating the process of creating and updating scripts

* Comprehending and analyzing the process of using the scripts with a real task

* Gaining an understanding of the role of meta-design in the dynamics of MAPS
adoption and use

6.6.2.2 Underdesign: An Approach Coping with the Universe of One
Problem

People with cognitive disabilities represent a universe of one: a solution for one
person will rarely work for another. The universe of one conceptualization is
based on the empirical finding that (1) unexpected islands of abilities exist (clients
can have unexpected skills and abilities that can be leveraged to ensure a better
possibility of task accomplishment) and (2) unexpected deficits of abilities exist.
Accessing and addressing these unexpected variations in skills and needs require an
intimate knowledge of the client that only caregivers can provide. The scripts needed
to effectively support users are specific for particular tasks and contexts, implying
the requirement that the people who know about the clients and their needs (i.e.,
the local caregivers rather than a technologist far removed from the action) must be
able to develop scripts. The meta-design environment (developed in this case by us)
needs to be underdesigned (we being the technologists far removed from the action)
allowing the caregivers as user designers to create the situationally informed specific
developments in accordance with the clients’ varying needs and to implement them
in dynamically changing social contexts.

Currently, a substantial portion of all assistive technology is abandoned after
initial purchase and use resulting in that the very population that could most benefit
from technology is paying for expensive devices that end up in the back of closets
after a short time.

By designing MAPS as a meta-design environment, caregivers were able to
create an environment that matched the unique needs of an individual with
cognitive disabilities (Carmien and Fischer 2008). MAPS represents an example
for democratizing design by supporting meta-design, embedding new technologies
into socio-technical environments, and helping people with cognitive disabilities,
and their caregivers have more interesting and more rewarding lives by empowering
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caregivers to provide a situated and tailored STS, the needs of the persons with
cognitive disabilities, thereby allowing them to do things that they could not have
done with the empowerment provided by MAPS.

6.6.2.3 Design over Time: Instantiating the SER Model

The design of MAPS was grounded in the conceptual framework of meta-design
and contributed to its extension. The theme of design over time was illustrated
in both MAPS-DE with the addition of a multi-script modality and in MAPS-PR
with the reuse of script sequences. By designing the MAPS environment to enable
script redesign and reuse, caregivers were able to create precisely fitting solutions
for the user with cognitive disabilities. MAPS represents an important example for
democratizing design by supporting meta-design, embedding new technologies into
socio-technical environments, and helping people with cognitive disabilities and
their caregivers have more interesting and more rewarding interactions.

6.6.3 Potential Drawbacks of Meta-design

It has to be clearly stated that the goal of meta-design is not to let people with little or
no experience develop and evolve sophisticated software systems but to put owners
of problems in charge. Meta-design does not eliminate expertise but recognizes the
multifaceted aspects of expertise (e.g., in architecture, inhabitants should be free
to arrange their office furniture, but they should not be able to move the structure-
bearing wall between their and their neighbors’ offices).

6.6.3.1 The Tension Between Standardization and Improvisation

Meta-design creates inherent tensions, for example, between standardization and
improvisation. The SAP Info (July 2003, page 33) argues to reduce the number
of customer modifications ((Fischer and Giaccardi 2000), p. 446): every customer
modification implies costs because it has to be maintained by the customer. Each
time a support package is imported there is a risk that the customer modification
may have to be adjusted or re-implemented. To reduce the costs of such on-going
maintenance of customer-specific changes, one of the key targets during an upgrade
should be to return to the SAP standard wherever this is possible. Finding the right
balance between standardization (which can suppress innovation and creativity) and
improvisation (which can lead to a Babel of different and incompatible versions) has
been noted as a challenge in open-source environments, in which forking has often
led developers in different directions.
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6.6.3.2 Participation Overload

Meta-design (and specifically the required active engagement in cultures of par-
ticipation) opens up unique new opportunities for mass collaboration and social
production (Benkler 2006), but they are not without drawbacks. One such drawback
is that humans may be forced to cope with the burden of being active contributors in
personally irrelevant activities leading to a participation overload. “Do-it-yourself”
societies empower humans with powerful tools; however, they force them to perform
many tasks themselves that were done previously by skilled domain workers serving
as agents and intermediaries. Although this shift provides power, freedom, and
control to customers, it also has urged people to act as contributors in contexts for
which they lack the experience that professionals have at their disposal (Hess et al.
2013).

More experience and assessment are required to determine the design trade-
offs for specific contexts and application domains in which the advantages of
cultures of participation (such as extensive coverage of information, creation of large
numbers of artifacts, creative chaos by making all voices heard, reduced authority
of expert opinions, and shared experience of social creativity) will outweigh the
disadvantages (accumulation of irrelevant information, wasting human resources
in large information spaces, and lack of coherent voices). The following research
questions need to be further explored (Fischer 2011):

* If more and more people can contribute, how do we assess the quality and
reliability of the resulting artifacts? How can curator networks effectively
increase the quality and reliability?

* What is the role of trust, empathy, altruism, and reciprocity in such an environ-
ment, and how will these factors affect cultures of participation?

6.7 Guidelines for the Meta-design of STSs

This section describes guidelines (Fischer et al. 2009) derived from our conceptual
considerations (see the sections on meta-design and practical experiences) with the
development of STSs.

6.7.1 Construction Kits

From a technical point of view, a meta-design framework should include com-
ponents and building blocks for the creation of content and modifications of the
system. The users as designers of an STS should be empowered to combine,
customize, and improve these components with a reasonable effort or ask power
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users or local developers to do so (Nardi 1993). The building blocks will have the
role of a seed that inspire the evolutionary growth of a new assembly of components
that fits into the STS. Meta-design must be continuously aware of new technological
trends, and the meta-designed framework must be flexible enough to integrate these
trends by providing new building blocks.

6.7.2 Underdesign for Emergent Behavior

STSs need to be underdesigned so that they can be viewed as continuous beta
that are open to facilitate and incorporate emergent design behavior during use.
Underdesign is not less design but different design: it allows all stakeholders
with various and varying competencies to collaboratively design socio-technical
solutions. Underdesign explores the most promising ground between (1) providing
a powerful seed without reinventing the wheel or violating constraints such as legal
norms, ethical restrictions, and the like and (2) allowing the users as designers
to transcend the information given and functionality provided. It shares many
objectives with libertarian paternalism (Thaler and Sunstein 2009): the paternalism
part being grounded in the objective that it is important, legitimate, and supportive
that meta-designers (called “choice architects” in the Nudge book) provide seeds
and support environments for users and the libertarian part allowing users to be free
to do what they like and create the functionality that they need.

6.7.3 Foster and Support Cultures of Participation

People should be enabled and attracted to bring their competencies and perspectives
into the development of STSs requiring transparent policies and procedures to
incorporate user contributions. To motivate more users to become developers, meta-
design must offer “gentle slopes” of progressive difficulty and incremental extension
of the included design aspects so that newcomers can start to participate peripherally
and move on gradually to take charge of more difficult tasks (Fischer et al. 2008).
Rewarding and recognizing contributions is an essential prerequisite of fostering
intrinsic motivation. Roles and their rights and duties must not be fixed for the
period of an STS’s evolution but should be part of this evolution so that domain
experts can become co-designers, new roles can be integrated, and control can be
shifted in accordance with increased competencies (Preece and Shneiderman 2009).

6.7.4 Additional Discourses

While meta-design changes design activities from developers and users, it has a
fundamental impact on the following aspects of human behavior (Benkler and
Nissenbaum 2006):
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* Motivation: Human beings are diversely motivated beings acting not only for
material gain but for psychological well-being, social integration, connectedness,
social capital, recognition, and improving their standing in a reputation economy.
The motivation for going the extra step to engage in cultures of participation
is based on the overwhelming evidence of the IKEA effect (Ariely 2010) that
people are more likely to like a solution if they have been involved in its
generation, even though it might not make sense otherwise. Creating something
personal (such as hand-knitted sweaters and socks, home-cooked meals), even
of moderate quality, has a different kind of appeal than consuming something of
possible higher quality made by others.

* Control: Meta-design supports users as active contributors who can transcend
the functionality and content of existing technical systems. By facilitating
these possibilities, control is distributed among all stakeholders in the design
process. Meta-design erodes monopoly positions held by professions, educa-
tional institutions, experts, and high-tech scribes (Fischer 2002). Empirical
evidence gathered in the context of the different design activities (Ariely 2010)
indicates that projects are less successful when users are brought into the process
late (thereby denying them ownership) and when they are “misused” to fix
problems and to address weaknesses of systems that the developers did not fix
themselves.

* Changing human behavior: Technology alone does not determine social structure
nor does it change human behavior; it creates feasibility spaces for new social
practices (Benkler 2006), and it can persuade and motivate changes at the
individual, group, and community level. Meta-design can change people’s lives
(1) by making it easier for people to do things, (2) by allowing people to
explore cause-and-effect relationships, and (3) by providing value that can-
not be accounted for in monetary terms. Research in behavioral psychology
(Thaler and Sunstein 2009) has shown that providing feedback, goal set-
ting, and tailored information are useful in motivating people to change their
behavior.

6.7.5 Promote Mutual Learning and Support of Knowledge
Exchange

Users have different and varying levels of skill and knowledge about systems. To
get involved in contributing to the system’s evolution or using the system, they
need to learn many things. Peer users are important learning resources. A meta-
designed STS should be flexible enough to address the skill differences and support
knowledge-sharing mechanisms that encourage users to learn from each other.
Knowledge management infrastructures should be integrated into STSs as important
components that support their evolution.
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6.8 Summary

New media and new technology provide new possibilities to rethink learning,
working, and collaborating. In this article, we argued that new media and new
technology on their own cannot support and transform these activities to meet the
demands of the future but that they have to be integrated into STSs.

Our research is anchored in the basic assumption that STSs cannot be designed
anticipating all future demands and uses and that meta-design supporting users as
designers is not a luxury but a necessity to address the challenge of dynamically
changing needs and conditions. We discussed meta-design as a conceptual frame-
work which complements other more established approaches, and we described
essential components of this framework: cultures of participation, seeding, evolu-
tionary growth and reseeding, and underdesign. Two case studies of specific STSs
illustrated how meta-design has served as the foundation of these development
efforts, and we discussed some of the findings derived from our assessments about
the conceptual framework.

Socio-technical phenomena are self-referential: on the one hand, they are the
outcome of design and evolution, and on the other hand, they have the potential to
support their own evolution. The strengths of STSs result from the integration of
deterministic structures and processes and the contingency of social systems. Meta-
design supports this integration.
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Chapter 7

Practice-Based Computing: Empirically
Grounded Conceptualizations Derived
from Design Case Studies

Volker Wulf, Claudia Miiller, Volkmar Pipek, David Randall, Markus Rohde,
and Gunnar Stevens

7.1 Introduction

The introduction of IT has changed the way we live in many ways. Historically, it
can even be argued that socially embedded applications of information technology
challenge and change practices to an extent rarely seen before with any other type
of technological artifacts. If these IT artifacts have strong and recurrent impacts
on people’s lives, we need to reconsider design practice artifacts which allow for
anticipating use practices and bring together inspirational creativity with evaluative
methods.

Approaches such as participatory design (Greenbaum and Kyng 1991) and user-
driven innovation (von Hippel 2005) have already significantly increased the level
of involvement of users and their fields of practice into IT development and have
strengthened the role of ethnographic methods as well as the importance of methods
providing direct user feedback. But even a strong component of domain analysis or
user participation does not warrant an accurate anticipation of the changes in social
practices resulting from new technological artifacts or infrastructures. Moreover, the
immaterial nature of software contributes to its application beyond the originally
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intended context. The material and social foundations of IT usage have significantly
changed over the past two decades. Technologically, the standardization of commu-
nication interfaces, the increase of bandwidth and speed of Internet connections, and
their ubiquitous availability have connected more and more devices with each other.
At a social level, this has also created stronger connections between professional
and private domains and practices, offering new room to adapt these practices and
renegotiate their relations and compositions. These developments have made us now
look at ecosystems (Draxler et al. 2015) or infrastructures (Star and Ruhleder 1996)
of technology-based practices.

With regard to methods, EUSSET’s research agenda would benefit from a
convergence of a broadly defined research program which looks at technology
development as well as scenarios of usage and accumulates results in various
ways, bridging the gap between a simple “technology-in-practice” perspective and a
“technology-based practice change” perspective. We need to consider how to care-
fully transfer emerging design concepts, IT artifacts, and pattern of appropriation
derived in a specific context to other fields of application. We also need to better
understand how to transfer findings gained with the design and appropriation of one
artifact toward that of another, related one.

In this paper, we will outline a research program, called practice-based comput-
ing, which suggests collecting a corpus of highly contextualized design case studies
and supports the transferability of insights by comparative concept building on top
of these cases.

7.2 State of the Art: Conceptions of Social Practices

In social science, various theories of social practice have been developed as
interpretation patterns that serve to provide an explanation for human interaction.
Some of the most important contributors to social theories elaborating on practice
include Bourdieu (1977, 1990), Giddens (1979, 1984), Garfinkel (1967), and Latour
(1993). These approaches turn against rationalistic or structurally deterministic
interpretations of human action and interaction as well as interpretations which
neglect historical imprint, sociality, and reflexivity of human interaction.

Reckwitz (2002) attempted to elaborate on the various practice theoretical
approaches by identifying core assumptions shared by the different theoreticians.
According to him, these schools of thinking understand practices as the smallest
unit in the analysis of social phenomena. Within the bounds of practice, a pattern
is understood as being a considerably routinized, subsiding human action, an action
which is not only encompassed by mental and physical forms of activity but that
is also greatly imprinted by objects, especially by tools, media, and their usage. A
practice generated by human actors is structured by background knowledge that is
not entirely explicit but contains emotional and motivational elements. Examples of
practices depict a certain manner in which work, research, cooking, or even playing
soccer is to be conducted.
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With concrete relationships as their contexts, practices represent collective
patterns of interaction that are reproduced by human actors. While the interaction
patterns may be routinized, the repetitive and tangible acts of execution take place
context-specifically. The reproduction of practices goes hand in hand with certain
world views, a related normative stance, and use of specific language. Human actors
typically belong to different practice systems and mediate among them.

In contrast to other cultural-theoretical positions, practice theoreticians empha-
size in particular the social efforts expended in reproducing common routines,
the close connection between bodily and mental activities, and the importance
of (technical) artifacts for the constitution of practices. In this respect, they offer
interesting conceptions for design-oriented research (Wulf 2009; Wulf et al. 2011;
Kuutti and Bannon 2014). Regarding the academic discussion in the field of human-
centered computing, certain conceptions have already been used by individual
authors (cf. Orlikowski 1992; Hanseth et al. 1996; Walsham 2006; Huysman and
Waulf 2004, 2006). However, conceptualizations of IT-related social practices have
not yet been systematically explored with regard to a methodological grounding for
design research.

7.3 State of the Art: The Interplay of Practice and Design

An understanding of social entities that is grounded in an analysis of social
practices offers interesting implications. If IT artifacts are not aimed at complete
automatization, but rather keep the human actors in the loop by focusing on the
support of their collective activities, then these artifacts need to be appropriated
within the social practices of their specific fields of application.

The field of human-centered computing has seen different approaches to deal
with the interrelation between social practices and IT artifacts. The research can
be broadly classified into four lines of thinking: (1) one which grounds the design
of innovative IT artifacts in ethnographical studies of one — or a few — specific
instance(s) of their domain of application, (2) one in which the appropriation of
(innovative) technical artifacts is investigated empirically over a longer period of
time, (3) one in which designers engage with practitioners in exploring the design
of innovative IT artifacts in situ in a participatory manner, and (4) one that reflects
design research on and within design practices.

7.3.1 Grounding Design by Means of Ethnographical Field
Studies

At the emergence of the CSCW community, Lancaster University was one of the
first places to systematically explore the role of ethnographic field studies for the
design of IT artifacts. Ethnographic studies on work practices in air traffic control,
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still seminal in the field, informed computer scientists to develop innovative IT
artifacts (Bentley et al. 1992). The reference between the work context and IT
designers’ activities was mainly created by the ethnographers’ account. This account
became an important element in design activities. Hughes et al. (1992) have classi-
fied different roles an ethnographical case description can play in the design process.

Emerging from similar epistemological roots, Dourish (2006) even suggested
keeping the linkage between ethnographic (pre-)study and the construction of
technical artifacts on a less enforced level. He strongly suggested abandoning
the requirement for ethnographers to conclude their studies with a section on
implications for design.

On a more fundamental level, Schmidt (2011) sees the role of ethnographers
in analyzing complex cooperative work practices. From such empirical analysis,
he argues, computer scientists will be able to deduce software architectures and
applications which are sufficiently generic or tailorable to be appropriated in
different fields of applications.

While the Lancaster school opened the way for the fertilization of design
practices by ethnographic accounts, the linkage between designers and users was
still a rather mediated one, mediated by ethnographers’ documentation of practices.
Dourish (2006) contributed to the clarification of this linkage. Overall, in these
schools of thinking, there is little interest in rolling the IT artifacts out in the
wild; an investigation into their appropriation in practice was not a crucial part
in the research endeavor. Schmidt (2011) anticipated context-specific appropriation
activities and a need to technically support them. Moreover, he assumed that their
range could sufficiently well be anticipated in an ethnographic study. Brodner et al.
(2015) proposed an approach of grounded design (GD) as a praxeological research
perspective for information systems research, specifying an ethnologically informed
set of GD principles and according research process guidelines.

7.3.2 Studies on Supporting the Appropriation of IT Artifacts

There are numerous studies on the adoption of information technology available
in the field of information systems, leading up to theories that systematize studies
of adoption processes (e.g., the Adaptive Structuration Theory (DeSanctis and
Poole 1994) or the diverse versions of the Technology Acceptance Model (TAM)
(Davis 1989; Venkatesh and Davis 2000) and epistemologically similar approaches
(Venkatesh et al. 2003)). Although TAM has proven useful in understanding behav-
ioral intentions of use, it remained difficult to identify drivers, crucial moments, and
activities that lead to a successful technology usage (Turner et al. 2010).

We interpret the appropriation of information technology not as an abstract phe-
nomenon that somehow happens once a software application is in its “application
field,” but as a network of activities that users perform in order to make a software
“work” in the new work environment. Existing practices evolve and result in new
practices that may also include software usages that go beyond what was envisioned
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by the designers of the software application (Pipek 2005). Appropriation work is
a specific part of an IT artifact’s usage, but it also remains linked (through the
artifact’s materiality) with its design process and the designer’s work environments.
This work has to be studied empirically.

Several early case studies have investigated appropriation work of IT artifacts
in a long-term perspective (Karsten and Jones 1998; Ngwenyama 1998; Orlikowski
1996a; Pipek and Wulf 1999, 2003; Torpel et al. 2003; Wulf 1999; Hinrichs et al.
2005; Draxler et al. 2015). They offer empirical insights into appropriation activities
and the resulting changes in work practices, and they also show that a significant
part of the work being done to make software applications work is collaborative by
nature and that it spans from simple sense-making efforts to detailed configuration
efforts to make a new technology fit an existing practice.

Pipek (2005) aimed at turning these activities into a seed for new types of
functionality to support appropriation work within the technology that is being
appropriated: articulation support (support for technology-related articulations —
real and online), historicity support (visualizing appropriation as a process of
emerging technologies and usages, e.g., by documenting earlier configuration
decisions, providing retrievable storage of configuration and usage descriptions),
decision support (in a collaborative appropriation activity, providing voting, polling,
etc.), demonstration support (providing communication channels to demonstrate
usages from one user or group to another user or group), observation support
(supporting the visualization of — accumulated, anonymized — information on the
use of tools and functions in an organizational context), simulation/exploration
support (showing the effects of possible usages in an exemplified or actual organi-
zational setting, maybe allowing configuration manipulations in a sandbox; see also
Waulf (2000)), explanation support (explaining the reasons for application behavior,
automated vs. communication with experts), delegation support (supporting dele-
gation patterns within configuration activities), and support for (re-)design support
(feedback to designers on the appropriation processes). This list focuses on user-
user collaboration, and most support ideas still remain as challenges that have to be
met with appropriate technological support.

7.3.3 Participatory Design

The Scandinavian tradition of participatory design (PD) was the first to involve
practitioners from selected domains of application in the design of IT artifacts
(Floyd et al. 1989). As an example of the still seminal work, in the Utopia
project, new tools were designed together with employees of the printing industry
which was on the verge of digitalization. Over the course of several years, the
participatory design community developed and evaluated a variety of techniques of
user participation in software development practices (Greenbaum and Kyng 1991).
In its traditional mainstream, fieldwork was not considered necessary since its
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findings could conflict with the self-expressions of the workers’ needs (for notable
exceptions, see Blomberg et al. (1996) and Kensing et al. (1998)).

With their empirical analyses, (participatory) designers can however contribute
to the reflection processes of practitioners. Some authors discussed the relationship
between ethnographic studies and participatory design activities, mainly in using
ethnographic data from “rapid” or “quick and dirty” pre-studies to inform PD
sessions (Crabtree 1998; Hughes et al. 1995; Millen 2000). As a consequence,
Crabtree (1998, p. 93) suggested putting more emphasis on an ethnographic pre-
study to gather solid information about the organization in order to avoid “the danger
of ‘tunnel vision’ and thus, of coming up with perfect technological solutions to the
wrong set of work problems” in PD workshops. In a long-term analysis on their PD
work in office settings, Suchman et al. (1999) summarize the PD activities of critical
analyses of technical discourses, ethnographic work at the workplace, and design
interventions as a program of reconstructing existing and emerging social practices
in the field as well as reconstructing the methodological practices of designers as
researchers. The authors do not draw strong methodological consequences but rather
demand increased sensitivity toward these two levels of reflection. Suchman (2002)
later gave a more detailed account of technology development and its structural
problems that result from the existing structures of professional specialization,
however focusing more on a lack of continuous interaction between practitioners
and technology specialists.

Several more recent reflections try to move away from the product focus (e.g.,
Ehn 2008; Karasti 2001; Karasti and Syrjdnen 2004) and the process focus (e.g.,
Pipek and Wulf 2009; Di Salvo et al. 2012; Dittrich 2014) that is inherent to
technology design efforts (even with “participation”). However, it remains difficult
to find clear methodological advice about organizing these efforts in a way that
satisfies the needs of all stakeholders involved.

7.3.4 Research Through Design and Design Science

In a more deliberate manner, the “research through design” school of thinking has
developed techniques to understand social practices for supporting the design of
IT artifacts (Gaver 2012; Forlizzi 2008; Stolterman 2008; Zimmerman et al. 2010).
Emerging from a traditional design stance, the output of their works takes the form,
primarily, of artifacts and systems, sometimes with associated accounts of how these
are used in field tests (Gaver 2012). The main concern of this perspective is on the
exploration of new design spaces for IT artifacts. As a consequence, analyses of the
existing practice and related empirical (predesign) studies play a lesser role. The
immediate reaction to the designed artifact is in the focus, and long-term issues
of appropriation work are rarely explored, partly because the artifacts are only at
a prototype level. Nevertheless, most projects engage with real practice, not with
experimental settings.
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Referring back to Herbert Simon’s work (1996), Hevner et al. (2004) and
Hevner and Chatterjee (2010) have postulated a design science approach to the
field of information systems. They argue in favor of a three-step process in which
the artifact design needs to be grounded in an important and relevant business
problem. Moreover, the utility, quality, and efficacy of the design artifact must be
rigorously demonstrated via well-executed evaluation methods. However, Hevner’s
work suffers from a mechanistic understanding of design and lacks a systematic
grounding in social practices (Rohde et al. 2009).

Inspired by the participatory design tradition, Scandinavian researchers in IS
have developed design approaches which intervene in real-world organizations
(Braa and Vidgen 1999; Mathiassen 2002; Sein et al. 2012). However, they typically
pay little attention to the long-term appropriation of IT artifacts (Braa and Vidgen
1999; Mathiassen 2002) or classify their cases in a too schematic manner (Sein et al.
2012).

7.3.5 On the Issue of Transferability

In the field of human-centered computing, there are different understandings with
regard to the generality and transferability of research findings. A positivist stance
underlying, for instance, the design science approach of Hevner et al. (2004) follows
a theory-building paradigm derived from the sciences. It assumes that models and
theories can be generated which describe the interaction of humans and IT artifacts
in a reproducible, design-oriented manner. In such an understanding, models and
theories do not refer specifically to the context of their origin — since they claim
general applicability within the limits of their scope of validity (cf. Chi et al. 2011).

Most other schools of practice-oriented design do not follow the positivist
stance and raise epistemological concerns whether the generalization of findings
is possible in such a context-independent manner. Findings are usually presented
together with a description of the context from which they emerged. However, this
school of thinking has not yet come up with coherent guidance on how to transfer
knowledge beyond individual design cases. Empirical work in the information
systems community, e.g., Orlikowski (1996a), thrives on the elaboration of widely
applicable concepts and descriptions dealing with appropriation activities. In the
participatory design community, the attitude is held traditionally that results should
not be transferred from one case to others since the workers should determine their
work and codevelop their tools and local knowledge.

When dealing with transferability, the ethnographically grounded design com-
munity rather looks upon the transfer of insights as being mediated by the resulting
IT artifact that would be designed for the appropriation in different social settings.
Such an understanding is close to Gaver’s (2012) perspective on a potential epis-
temological grounding of the “research through design” community. He suggests
collecting a set of examples of (well-)designed IT artifacts and annotating such a
portfolio with conceptual considerations (“the role of theory should be to annotate
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those examples rather than replace them”). This position has been contested by
others in the “research through design” community who claim that theory building
should be at the core of its academic activities (Zimmerman et al. 2010).

7.3.6 Gap in the State of the Art

The relations between a design process, a design product, and the related fields
of practice have been discussed from many angles. The contributions range from
philosophical reflections (e.g., Ehn 2008) over case study collections (e.g., Di
Salvo et al. 2012) to comprehensive theories (e.g., Hevner et al. 2004). The
challenge is — in our eyes — not a lack of attention and discourse, but the lack of
a discourse structure that allows a comparison of different practical experiences
from different design projects. The quality of IT design can only be determined by
looking at the changes in social practices resulting from appropriation activities.
We need a conception of how to document design cases in a holistic manner
spanning the different phases of a practice-oriented design process: the status of
technology and activity systems as well as ongoing sense-making activities that
provide orientation for possible further developments of a practice that precede any
decision of practitioners to engage in design activities, the (possibly participatory)
conceptualization of a new technology aiming at improving a practice as the actual
design process, and the appropriation of the new technology that results in a changed
social practice. Roughly, this reflects a participatory action research perspective
(Whyte 1991), but we need to be more specific with regard to the relations between
technology design and practice reflection to allow better comparisons.

The different schools of practice-related design thinking have not yet come up
with a convincing understanding as to what extent and how transferability across
different contexts could be achieved. Theory building across different examples is
mostly dismissed, looked upon with great suspicion, or limited to the generation
of concepts to describe only the new phenomena emerging in the case at hand.
Claiming the context dependency of the findings, it lacks a convincing model of
how to transfer design-relevant findings from one context to the next. The core
mechanism of concept building seems to be the comparison of case studies with
earlier findings — be they other case studies or theoretical concepts. There is little
progress toward establishing what we could call a “corpus” of studies. There is no
coherent model of comparative analysis. So it would appear to be the reader of a
case study rather than its author who is responsible for transferring findings to a
new context.

In the following, we suggest “design case studies” as an action research method-
ology, and we argue that a repository of design case studies and their comparative
analysis can help us in concept building and increasing the level of transferability
(cf. Brodner et al. 2015).
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7.4 Design Case Studies

In the following, we want to propose design case studies to be an appropriate
element in a practice-based research program. To design, we need to better
understand the relationship between specific instances of social practices and the
design space for IT artifacts in their support. The design of IT artifacts needs to
take the given social practices, including the already existing IT infrastructures,
into account. However, when these artifacts are rolled out “in the wild,” these
practices undergo changes during the appropriation process. We need to understand
the interaction between the IT design and the appropriation activities over a longer
period of time (Pipek and Wulf 1999; Rohde et al. 2009; Wulf et al. 2011).

These changes in practices can occur on different societal levels. The introduc-
tion of IT artifacts often connects social practices that were previously unconnected.
Because social practices cannot be changed in some random way, due to issues of
embodiment and routinization, we need to grapple with the expansive repertoire
of practices one encounters in various fields of practice. We also need to gain
an understanding concerning the possibilities of change in the context of the
introduction of IT artifacts.

Design case studies ideally consist of three phases:

1. Empirical pre-study: This should offer microlevel descriptions of the social
practices before any intervention takes place. An analysis should particularly
describe already existing tools, media, and their usage. It should also capture the
development seen by horizon practitioners from a technological, organizational,
and social perspective. Such documentation can be typically formulated in a
certain problem or need statement when setting up the research agenda. This
documentation may be already available in documents in the fields of practice,
or it needs to be collected in an ethnographic endeavor that helps practitioners in
reflecting upon their situation.

2. Prototyping/(participatory) IT design: Design case studies should describe the
innovative IT artifact from a product as well as from a process perspective. This
includes a description of the specific design process, the involved stakeholders,
the applied design methods, and the emerging design concepts. A focus should
lie on the documentation of what changes in social practices the stakeholders
anticipate and aim for and how these considerations have influenced the design
of the IT artifact.

3. Evaluation/appropriation study: Design case studies should document the intro-
duction, appropriation, and potential redesign of the IT artifact in its respective
domain of practice. Such documentation allows the transformative impact of
certain functions and design options realized within the IT artifact to be analyzed.
At this point, it is also necessary to document the distribution patterns of the
new technology in the field of practice. The work in all phases is always a
collaboration between researchers/designers and practitioners. Although there
is a natural order of starting points of the phases, we do not understand the
phases as being strictly consecutive, but as continuing: once an analysis of
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existing practices has started, it does not make sense to stop reflecting upon the
momentum of the existing practice; rather, it continues throughout the design and
the study of the appropriation. Once the design has started, it may be continued
in several iterations, although the technology has already been introduced to
potential future users. In the late phase of a design case study, the “phases” should
rather be perceived as perspectives.

One other important point to be described is the reflection upon limitations in
the researchers’ practices. To a certain extent, the funding structures of research
define the time and the amount of resources that researchers may be able to
invest, particularly in very time-consuming tasks such as participatory observations.
Additionally, side agendas (of the researchers as well as practitioners) may influence
the dedication of stakeholders. In comparing cases, it is not the exact quantification
of these issues that is important, but rather the reflection of the relations between
researchers and practitioner’s practices.

The whole idea about design case studies aims at informing the aggregation of
cases. Typically, a “case” is a “natural” unit to look at: it is one set of connected
activities of researchers and practitioners in one field of practice. There may
be, however, difficulties of different types that make it impossible to maintain
collaboration over the necessary time span of a design case study. There are basically
two ways to deal with such a situation:

1. Design case studies may shift over time from one field of practice to a related
one. For instance, the pre-study may have been conducted in one field of practice,
while the appropriation can only be observed in a similar, but different, field of
practice. In this case, we speak about an aggregated design case study.

2. Design case studies may need to be disrupted at a certain point of time without
covering design or appropriation phases. For instance, we may end up with only
a pre-study. However, this empirical study has been conducted in a manner to
explore design opportunities. In this case, we speak about a partial design case
study.

In both cases, it is the research practice that defines the design case study. The
necessity to work with aggregated or partial design case studies may result from the
practice under observation (e.g., the practice of organizing a conference, Saeed et al.
2011, or the practice of crisis management, Ley et al. 2012). But it may also result
from the resource structure of researchers. Again, the point is to comment on the
consequences of these restrictions in the design case study itself (Fig. 7.1).

In the following, we discuss the details of our approach against case studies we
have conducted. All examples have already been published elsewhere. Starting with
a procedural description of our research practice, we continue by referring to those
aspects of the individual cases relevant to discuss our approach. We will later also
use a fifth example of consecutive case studies to illustrate the concept of partial
design case studies.
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Fig. 7.1 Schematic display of the structure of a design case study

7.4.1 Expert Finder in a Networked Organization

An early example of a design case study is the development of the Expert Finder, a
recommender system to foster expertise sharing among workers within an industrial
association (NIA) and its member companies (Reichling and Veith 2005; Reichling
et al. 2007; Reichling and Wulf 2009). The lack of visibility and accessibility
of expertise is a recurrent problem in larger organizations and organizational
networks. The project was initiated by a fraction of the association’s management
and was partly funded by the German Federal Ministry of Economic Affairs
within a funding scheme on knowledge management. In the first phase, the field
of application was investigated empirically by observational studies, an analysis
of the IT infrastructure, and 16 semi-structured interviews. The study focused on
one operating section of the industrial association, some central units, and their
relationship with selected member companies. The study looked at collaborative
work with a specific emphasis on knowledge exchange needs and practices. Based
on these findings, the design of Expert Finder was developed. The development
was based on already existing software components, the ExpertFinding framework
(Reichling et al. 2005). Specifically, the functionality of selecting documents from
the users’ ordinary file system, the configuration of the matching according to the
specific types of text, and the concepts to protect workers’ privacy were stimulated
by the findings of the pre-study (Reichling et al. 2007). Finally, the Expert Finder
was rolled out for a period of 9 months, mainly in those parts of the association
which had participated in the pre-study and one member company. The somewhat
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restricted field of application impacted the evaluation results concerning expertise
sharing practices because many of the actors knew each other rather well. However,
the study provided interesting insights with regard to the self-representation of
employees within the recommender system and their sensitivity toward privacy-
oriented features.

7.4.2 Navigation Support for Firefighters

A second design case study was conducted when developing Landmarke, a ubiq-
uitous computing platform to support firefighters in navigating inside burning
buildings. The project was funded in two consecutive projects by the Euro-
pean Commission and the German Ministry of Research. The EU-funded project
WearlT @work focused on bringing wearable technologies to different types of blue-
collar workers. Working with the Paris firefighters, the rather basic design concept of
Landmarke was developed. At its core, it suggested a navigation support system to
leverage the social practices of the firefighters on reconnaissance missions in finding
routes by themselves, instead of compiling maps automatically and providing
computer-generated guidance. A consecutive project, called Landmarke (German
term for “landmark”), was funded by the German Ministry of Education and
Research (BMBF) to explore and implement the platform for navigation support.
In Landmarke, we worked closely with the Fire Brigade of Cologne and with the
Firefighting Institute of the German State of North Rhine-Westphalia (IdF).

Since it was impossible to observe firefighters and to deploy prototypes in
burning buildings, we mainly used training sessions constructed according to
realistic firefighting conditions in training centers such as at the Firefighting
Institute. The Institute offers buildings in which different architectonical settings
are realized, like different apartments, a restaurant, an underground parking lot,
and a laboratory. At the beginning of the project, we had little insight into the
subtle navigation practices of firefighters. From the very beginning, we therefore
followed a participatory design in which intended users have a significant amount of
control in design decisions. Video recordings and observations while prototyping,
rather than traditional ethnographies, were the driving technique to explore given
navigation practices and to bridge between the present and the future in navigation.
Prototypes of different levels of sophistication were built and explored in the training
center. The Arduino toolset proved to be very helpful in constructing prototypes
of medium complexity (Ramirez et al. 2012). Finally, we built our own ubiquitous
device which we integrated into doorstoppers: artifacts the firefighters were carrying
with them anyway (Ramirez 2012). These devices were used in specifically laid
out training scenarios in the Institute’s buildings. Due to the danger to life involved
when entering burning buildings and the related safety regulations, we were not able
to explore the landmarks in real firefighting practice. However, the training sections
indicated that the landmarks augmented already existing navigation skills. Specific
advantages could be seen when withdrawing from the building and when handing
over to a second troop of firefighters.
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7.4.3 Location Tracker for Dementia Patients and Their
Caregivers

A third design case study is an aggregated one and deals with the development of a
GPS service for caregivers of individuals suffering from Alzheimer’s disease with
a disposition toward wandering behavior. The study was funded by the German
Ministry of Economics in a technology transfer funding scheme, supporting a
software company in bringing such a product to market. This Alzheimer disposition
is very problematic for patients since it fosters anxiety and disorientation and
can even lead to life-threatening situations. Caregivers react to these threads by
strategies which may reduce the patients’ freedom to move. In the first phase of
the study, we conducted 21 semi-structured interviews with six family caregivers
who live at home with their relatives suffering from dementia and 15 professional
caregivers working in retirement homes. We investigated caregivers’ practices and
uncovered their attitudes toward monitoring systems, which revealed two value-
laden dilemmas in the design of location trackers: “awareness vs. privacy” and in
particular “safety vs. autonomy” (Miiller et al. 2010, 2013). The next step was to
implement two location tracker clients, one mobile and the other stationary, which
indicated the position of the patient on a map. Certain movements in areas near the
patient’s home could be excluded from being tracked. Over a period of 4 months, we
introduced the system into three fields of application: a family and two different care
homes. After the appropriation of the application, we saw a considerable change
in the practices of dealing with dementia patients suffering from the wandering
symptom (Miiller et al. 2013). However, the fields of application where we tested
the location tracker were not exactly the same as the ones in which we conducted
the pre-study. This was due to two aspects: firstly, there was a deterioration in the
health of the patients whose caregivers had first participated in the pre-study to the
extent that they could no longer walk on their own anymore; secondly, we had to find
evaluation environments in which the system would be embedded in real practices
but with a high safety level and risk control as we could not guarantee full 24/7
performance of the prototype (Wan et al. 2014).

7.4.4 Social Display

Social Display is a project located in a residential care home aiming to research
the question whether IT can be an appropriate means to support quality of life of
persons of advanced age (aged on average between 80 and 90) (Miiller et al. 2012).
When the project started, the home did not offer public Internet access; few (if any)
residents had computers; and only a very small number had any experience at all
in using IT. In a similar way, the caregivers only very rarely use new media and
the Internet in their work with the residents, and most of them only use the PC for
their administrative work (such as documentation, digital records) and had minimal
interest in IT, even in their private lives.
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The project started in 2009 with an interview pre-study and several participatory
workshops to elicit applications for a large-screen display which would be of
interest to the elderly residents as well as to the caregivers in their work with the
residents. Initially, we undertook 13 interviews with residents and caregivers and
30 h of participant observation in order to study their routines, their wishes, and
demands. Based on these findings, we developed design ideas for the display. The
pre-study provided insights in the elderly’s self-concepts and revealed a high degree
of passivity to which an alignment of design ideas looked rather impossible. On
the other hand, previous research had consistently shown that the appropriation
of specific IT applications may offer significant benefits for the elderly and even
for very old people living in residential settings (Piper et al. 2010). We therefore
believed we had good grounds for pursuing methods for engaging this potential
user population. In recognizing that the residents were familiar with and willing
to participate in organized activities, we established “Internet Days.” During the
Internet Days, we presented different online services at five stations, four with
computers on large monitors and one with a Wi-Fi device connected to a large-
screen television. It transpired that the Internet Days provided a fruitful setting for
mutual learning and common engagement with IT and Internet applications.

Based on these experiences, we built the first version of the social display offering
four functionalities: local news, national news, a photo album, and short films
presented on a large-screen display. As an input device, we chose a PlayStation
buzzer with five colored buttons, each of four buttons representing one functionality.
For the more technically affine caregivers, an Internet browser accessed by keyboard
and mouse was available to support collaborative Internet sessions, mostly for
biographic work. The first stable version, introduced in 2010, has been slightly
improved over time according to the results from the ongoing fieldwork. Manifold
appropriation processes could be observed; for instance, residents started new forms
of interaction in front of the display, while — in the pre-study — we had experienced
that the residents found it problematic to get in touch with each other. The staff
started to use the display for biography work sessions with both single residents
and groups. In the same way, nonresidents, who were regular lunch guests in the
home, also started to use the system and came into contact with the residents,
something which had hardly ever happened before. In recent years, many additional
initiatives associated with the display have been introduced by student groups from
our university with the aim of developing additional hard- and software pertinent to
the display. Additionally, we developed a training concept for the staff. The work is
still ongoing and is nowadays (in January 2015) mainly based on regular meetings
with interested residents and staff members to document the appropriation and elicit
further design options.

7.5 Characteristics of Design Case Studies

Design case studies represent an idealized model for conducting design research
in practice. They provide a clear orientation for the design process. However, as
a result of the contingences of a practice-oriented research approach, the concrete
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methods to be applied in each of the different phases of a case study will be distinct.
Also, the duration and the depth of the activities of each of the three phases may
differ. Phases will interleave as well. We want to discuss the variability of design
case studies according to the different phases.

7.5.1 Setting Things Up

Design case studies first attain thematic and institutional positioning in the course
of their establishment. Developers of innovative technologies need to come together
with actors who are willing to explore the potentials of such technology in their
daily practices. There may be other stakeholders to be involved in the design
process, such as representatives of marketing divisions of the I'T companies or higher
management and workers’ representatives on the side of the user organization. The
actors involved in the project establishment define the vision of the research project
and should be selected with great care. The experiences and the mind-set of the
developers, the selection of the application partners and their individual actors,
as well as the mode of cooperation among designers and stakeholders shape the
emerging IT artifact. For instance, in the Location Tracker project, we decided
to involve family caregivers as well as those in residential homes. The resulting
IT design reflected the broader variety of different practices rather than just the
involvement of one field of application.

These actors contribute their specific interests and perspectives which are not
always in line with the issues on the researchers’ agendas. For instance, initial
access to the home was via the manager. At the outset, his intentions were marketing
driven. He asked us to develop a large-screen display for advertising rather than for
care purposes. For this reason, it was supposed to be located in the entrance hall.
However, we were more interested in large-screen displays in the care context of
very old residents, and we finally convinced the manager to open up the project
with a stronger care focus while the displays were still visible from the entrance
hall. The project setup often requires negotiations to align problem perceptions in
practice with an academic positioning of the work.

In the European context, design case studies are often funded by research
agencies which either take technological innovation to be a driver in societal inno-
vation and international competition or want to explore the potential of innovative
technologies in tackling certain social problems. These governmental agencies fund
research institutions and IT industries, and in addition there are often also partners
who plan to apply these technologies in their social practices. In most of the design
case studies mentioned above, the institutional setting was defined by the project
proposal receiving government funding. In the case of the Location Tracker, the
application partners were not defined by the research proposal, and the Social
Display project was not funded by any government agency. Institutional divides on
the side of the technology developers can impact the course of design case studies
considerably (see Dachtera et al. (2014) for the case of the Landmarke project).
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7.5.2 Pre-study

To ground the design process, the empirical pre-study allows the given social
practices in the envisioned field of application to be better understood. The methods
are empirical, consisting typically of interviews, observations, video and document
analysis, as well as an investigation of already existing IT artifacts and their appro-
priation, which can include log-file analysis. The configuration of the empirical
methods depends on the nature of the given practice, the researchers’ already
existing knowledge, and how the practices can best be accessed and understood.
Certain practices can be better described verbally, while others need to be observed
in detail, e.g., the subtle navigation moves of firefighters.

In one extreme, there can be design case studies in which the actual prac-
tice, before conducting the design interventions, is so well understood that the
researchers may abstain from an explicit pre-study. A good understanding of
existing practices and related problems which should possibly be supported by
future prototypes is often based on a preexisting problem perception and analysis by
the application partners and their ability to articulate and reflect in terms of possible
technical solutions.

When working with elderly and non-technology-affine people, there was often no
such common ground. This points at other elements the pre-study has to encompass
too. For the case at hand, the pre-study target was divided into two parts: gaining
insights into current everyday practices and the problem perception of the target
groups. However, the pre-study may include measures to help the actors become
familiar with ideas of possible IT support.

In Expert Finder we mainly worked with semi-structured interviews, while
in the Landmarke study the firefighters were mainly observed while conducting
navigation tasks. The navigation practices we observed were partly made even
more challenging by the introduction of specific conditions, such as blindfolding
the firefighters’ eyes. In the Location Tracker project, in addition to semi-structured
interviews, we accomplished several days of participant observations in institutions
of dementia care. In the Social Display project, it was quite a challenge to gain
access to the elderly residents in the realm of the pre-study based on a qualitative
interview approach. This was due to specific psychological and social issues of the
target group. Thus, we enhanced the interview study with interventions such as the
Internet Days. Off-the-shelf technology was brought into the residential home for
residents and care workers alike to explore Internet content such as Google Earth,
which enabled the elderly residents to see their birthplace or where they used to live
or work, and YouTube to access music and films, or news sites. In the interview
sessions, it had not been possible to find out what the elderly would class as fun
since the triggers for chatting about these things had been missing.

The focus of the pre-study is somehow directed by the anticipations — often still
blurred — of the design concept to be addressed; it uncovers elements of current
social practices and their problematic aspects. For instance, Expert Finder’s pre-
study indicated severe organizational barriers in knowledge sharing within the
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industrial association NIA and its member organizations — related to the fact that
people working on similar topics did not know each other.

Based on these findings, the pre-study provides hints at how to design IT
artifacts as incentives for the development of the practices investigated. Compared
to social science research endeavors which require empirical depth for a profound
understanding of the site, the pre-study phase can be a bit fractal since it is the
first step of a potentially ongoing engagement. The design case study approach
allows the correction of misperceptions during the subsequent participatory design
activities and investigations into the appropriation of the IT artifact.

Activities in the realm of the pre-study also aim to build up trustful relationships
between users and design team which are essential for further engagement. In
addition, measures have to be taken up which help to build a common notional
realm of possibilities and also to help the target group to become familiar with ideas
of possible IT usages. This may include measures to help the target group reflect
and talk about their everyday life and to be able to start thinking about possible IT
support for their practices. In the Social Display project, the Internet Days created a
fruitful environment for prototyping and appropriation. These interventions opened
up a common frame of reference and a learning environment which made residents,
care staff, and even researchers eager to engage in the next sessions.

The results of the empirical pre-study are, like those of a whole design case
study, typically partial in the sense that they only cover a certain, often small, part
of the IT artifact’s potential field of application. When planning a pre-study, one
has to balance depth against breadth under the temporal restrictions resulting from
the design process. To envision the appropriate set of stakeholders requires a certain
anticipation of the IT artifact. Moreover, a broader variety of different practices and
resulting design concepts may contribute to the implementation of a higher level
of technical flexibility. It may therefore make sense to involve more potential users
and user organizations’ perspectives in the pre-study than can be involved in the
design process later on. However, the limiting factors are (a) obtaining the required
empirical depth in analyzing relevant practices and (b) coming up with relevant
results timely enough to influence the design phase. In the case of Expert Finder and
Location Tracker, the empirical pre-studies took between 4 and 6 months and partly
interleaved with the following design phase. The selection of the users involved in
the early stage of the design case study contributes to the definition of the artifact’s
scope of validity.

As the Location Tracker project focused on both practice areas, familial and
residential, we aimed at contacting interview partners in both fields. Obtaining
contact to professional caregivers in residential care homes was rather easy because
most of them were interested in these new technologies and were eager to learn
more about them. In contrast to this, we learned that the “moral universe” in
families where a family member suffers from dementia can be very complex and
often inhibits them from talking freely about related problems and sorrows. It was
often only with the help of a self-help organization that we could gain access to
the families. However, some families and institutions read about our project in the
newspaper and contacted us to learn more about the project.
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The results of the pre-study revealed partly extremely controversial attitudes
toward possible GPS-based IT support. We learned that the field of practice is based
upon very different and individual approaches to dementia care, depending on the
level of care theory knowledge, the familial relationships, and organizational issues
such as work load, risk perceptions and risk management, as well as individual IT
expertise.

7.5.3 (Participatory) Design

The design phase of the case study builds on the findings and commitments derived
from the empirical pre-study. It takes the descriptions of the social practices and
their inherent problems and developmental needs as input for the design process.
However, the results of the pre-study do not determine the outcome of the design
process. Descriptions of given practices do not determine how to support them in
the future by means of innovative IT artifacts. Design is a sophisticated activity
best conducted by specialists. It requires the anticipation of technological as well
as social futures. However, we enrich the design process by input derived from
the relevant fields of practice. This includes engaging practitioners, preferably
those already involved in the pre-study, in the design process. While empirical
findings of the pre-study play an important role in grounding the process, there are
other important factors such as the given practices of the design team, its creative
potential, its interaction with the stakeholders and potential users, already existing
design concepts, and technical infrastructure, such as software repositories at hand,
which influence the final outcome considerably.

The four different design case studies deviated quite considerably in their
concrete design approach. In Landmarke, the firefighters’ navigation practices
had not yet been perfectly analyzed after the pre-study activities — also the non-
design-oriented literature did not offer sufficient insights. Even after a broad design
concept emerged, it remained unclear how to support navigation practices in
detail. Moreover, there was not yet any technical framework to build the design
on. Therefore, the design process was most extensive, including a wide set of
participatory design activities (Ramirez et al. 2012).

In Expert Finder, the pre-study described problems in knowledge-intense work
in quite some detail. The design process was grounded on the assumption that some
of the problems which cropped up in the empirical pre-study could be tackled by
means of an already existing software framework. In this sense, the pre-study rather
hinted at the need to refine an already existing design approach, e.g., by integrating
private folder hierarchies and dealing with resulting privacy concerns.

In Social Display, the residents’ reaction to the Internet Days offered a valuable
input. To operationalize the study’s results into design features and functionalities,
we chose to cooperate with the manager of the home and some of the care staff who
showed a degree of technical interest. We chose this design approach because we
learned in the pre-study that concrete design aspects would overwhelm the residents.
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When including stakeholders in the design phase, we apply a wide spectrum of
techniques developed by the participatory design community (Floyd et al. 1991;
Greenbaum and Kyng 1991). However, the design phase always has the goal to
come up with a running system version whose appropriation will become the subject
of investigation. Beyond issues of traditional usability, technical criteria of software
quality play an important role in our development process. If an innovative artifact is
performing badly algorithmically or does not run stably enough, we cannot seriously
investigate its appropriation.

Since our implementation capacities are somewhat restricted, we tend to build
our development efforts on top of already existing software frameworks. In the
Expert Finder project, we implemented on top of our own software framework. In
Location Tracker, our industrial partner used the open-source framework Liferay
in combination with OpenStreetMap to display positioning data. Off-the-shelf
GPS trackers were purchased. Social Display also drew on existing content on
the Internet, e.g., local and national news sites as well as YouTube and standard
technologies, such as the photo album and the PlayStation buzzer.

Even in Landmarke, a project in which we prototyped in a very substantial
manner, we applied the Arduino framework to build some of the prototypes. As
a consequence, the availability of given hardware and software frameworks may
impact the outcome of the design phase.

7.5.4 Appropriation

The appropriation phase of the design case study takes the IT artifact, rolls it out into
one or more fields of application, and observes its usage empirically over a longer
period of time. The goal is to understand how the usage of the innovative artifact is
changing social practices. The investigation into this phenomenon requires a long-
term perspective (Orlikowski 1996a; Pipek and Wulf 1999, 2009).

Ideally, we would like to roll the artifact out into the same fields of application
where we conducted the empirical pre-study. This would allow the changes in social
practices to be detected in detail. Unfortunately, this is not always possible. We do
not always reach the appropriation phase with all our research efforts. Smaller or
larger shifts in the project setting or the fields of application may require switching
the site to investigate the IT artifact’s appropriation. If such a switch takes place,
more intense observations to detect differences in practice are needed.

In the case of the Expert Finder, the resulting software was basically rolled out
in those parts of the organization with which we had conducted the field study.
In the second stage of the rollout, we included one of NIA’s member companies
which had not participated in the pre-study. In Landmarke, the pre-study was
basically conducted with Paris firefighters, while the participatory design process
and the appropriation study were conducted with firefighters of the city of Cologne.
However, in Location Tracker, we were no longer able to work with the families
and care institutions who had participated in the pre-study and, partly, in the design
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process. The physical condition of those patients we had worked with in the pre-
study had deteriorated so badly that they were no longer able to run away anymore.
The care institutions participating in the pre-study did not have appropriate patients
at the time of our rollout. To investigate the location tracker’s appropriation, we had
to find elderly people with wandering syndrome whose institutional or family care
setting could compensate for a potential failure of the system.

In the Social Display project, pre-study and evaluation took place in the same
residential home. However, we could not work with the same people during the
whole process. Although many of the elderly and the care workers involved from
the beginning used the first prototype, we were confronted with the sudden death of
some of the residents working with us in the earlier phase. So there is a variety of
practical reasons why the continuity in the field of application is not always given
throughout the course of a design case study.

There are other challenges we experienced when trying to investigate into the
appropriation of IT artifacts. Some IT artifacts require a critical mass of users to
study the appropriation of its whole functionality. For instance, the evaluation of
the Expert Finder suffered from the problem that most of the initial users knew
each other quite well since they were from the same organizational subunit of NIA.
For this reason, our empirical study concentrated more on the self-presentation
functionality rather than on the one-on-one people search.

A rollout in practice can also be problematic, if the required technological
infrastructure is not yet there. For instance, Dorner (2010) developed an interesting
toolset allowing end users to find and assemble software services to tailor ERP
applications. However, we did not find any ERP ecosystems in organizational
practice which would have allowed us to evaluate this application. We were
therefore restricted to a lab study for evaluation purposes.

We experienced a different type of problem with the technical infrastructure
when evaluating the location tracker. While the system requires a state-of-the-
art browser, one of the care institutions provided the nurses only with a set of
outdated Internet tools, which meant that our system could not run on the house’s
infrastructure. For this reason, we had to provide the nurses with an iPad with mobile
Internet access via SIM card instead of letting them use the desktop PCs for tracking.

In Social Display, the research team built up a fully new technical infrastructure
and even acted as counselors to the manager of the residential home in building
up a sustainable IT environment. Here, prototyping and investigation into the
appropriation directly led to a long-term usage scenario.

When trying to understand how our ubiquitous computing application supported
the navigation practices of firefighters, we experienced another problem. Due to the
highly risky nature of their work, it was not possible to roll out the IT artifacts in
actual firefighting practice. However, even if the firefighters had used the markers
inside burning buildings, we would not have been able to observe their practices
easily. In this case, therefore, our investigations into IT appropriation remained on
the level of training practices.

While the investigation of an IT artifact’s appropriation in practice is a real
challenge, it is the final proof of the validity of an IT artifact’s quality.
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7.5.5 Discussion

Design case studies represent an idealized model of our research approach. As a
result of the contingences of the practice orientation, one may not be able to conduct
all suggested phases — at least not to their full extent. Specifically, the appropriation
phase requires the researchers to deliver a high standard of software technical
perfection, with regard to performance, stability, and usability. Moreover, the field
of application needs to provide an appropriate technological infrastructure to roll
out the newly designed artifacts. The practitioners need to be willing to engage with
the technological opportunities.

However, the presented instances of design case studies also indicate potential
limitations for the ongoing participation of practitioners. For instance, the fact
that the elderly participants in the Location Tracker and Social Display projects
were not capable of expressing their perspectives in an ongoing manner poses a
serious challenge to our design approach. In these cases, other stakeholders and the
designers play a dominant role which poses the danger of paternalizing the elderly.
In these cases, the pre-study phase is of specific importance.

In terms of setting up appropriate environments for investigation into the
appropriation, both the firefighting domain and the aging domain pose special
challenges. With the firefighters, the prototype had to be tested in a training center
where researchers were allowed to participate and observe. However, neither the
researchers’ participation nor the usage of the prototype was possible in a real fire
emergency. There are strict standards in that domain in order to avoid endangering
the firefighters (and their observers). Thus, the evaluation of a prototype whose
stability and functionality are not certified is not possible in a real fire.

The safety aspect was similarly important in the Location Tracker project when
allowing patients to wander outside the well-protected care settings. We need to
find a viable trade-off in an environment which is as close as possible to real
practice while avoiding putting users at risk by relying on prototypes which might
not operate stably. A proper balance has to be worked out together with the relevant
stakeholders.

The projects differ in the degree to which different fields of practice were covered
in the individual phases. The breadth of the coverage was typically influenced
by the institutional setup and the available (financial) resources. In the European
context, the requirements of the funding agency play an important role in shaping
the institutional setting. In the Expert Finder project, the application partner was
a predefined part of the publicly funded project setup. The design case study
Landmarke involved two different firefighting organizations — in two publicly
funded projects following up on each other. The Location Tracker project did not
predefine application partners because in this scheme there was no funding available
for any application partners. In Social Display, the project was set up in a single
residential home by a PhD student who had a university grant to pursue his thesis.
Whether the integration of more application partners would have enhanced the
understanding of relevant practices is an interesting question. Given the limited



132 V. Wulf et al.

research resources, one has to typically trade off breadth against depth with regard
to the involvement of practitioners (see above).

Public funding schemes considerably influence the domains of practice being
addressed and seem to act as an incentive for the participation of (well-known)
institutions in domains considered by the funding agencies to be socioeconomically
important. This sheds light on the institutional conditions which typically frame
research interest and outcome. Without external funding for application partners,
the researchers are quite free in their theoretical sampling and can add application
partners whenever it seems meaningful. Projects in which the application partner is
defined during the project setup can restrict the researcher’s opportunities to orient
the project and can dictate that a certain practice be employed. However, a lack of
funding can limit the practitioners’ commitment and level of involvement. Beyond
money, the researchers have to typically come up with additional stimuli to motivate
the practitioners during long-term cooperation. Such incentives are related to their
personal perspectives and ambitions.

Another important issue is sustainability beyond a (funded) design research
activity. When we examine the appropriation of IT, we must take the post-research
phase into consideration. When people start integrating the technology in their
everyday life to leverage specific problems, the technology can become an important
part of their social practices (Ogonowski et al. 2013). A sudden withdrawal could
disrupt and challenge the newly established practices (cf. Pipek and Wulf 1999,
2009). Therefore, researchers have to carefully consider the sustainability of their
interventions in practice.

In the case of Social Display, sustainability is given by the strong collaboration
with the residential home from the beginning and the manager’s motivation to keep
the system running. He understands it to be his task to make sure that the application
is to be maintained. The other design case studies followed a different path. We had
agreed with the application partners to test the prototypes over a defined period
of time. However, in the Location Tracker case, one family appropriated the IT
support to such an extent that they wished to keep it permanently — a service we
were not able to provide. In this case, we helped to find an application with less
functionality but already available on the market and economically affordable for
the family (which is not always the case). Affordability of the resulting artifacts
and the accompanying business models thus present another issue which has to be
considered in the project setup — beyond traditional plans of transferability of results.

7.6 Concept Building Grounded in a Corpus of Design Case
Studies

Our research approach documents design case studies (or parts of them) in different
application domains. Based on a growing corpus of design case studies, we
try to identify intersecting themes, compare the context-specific findings, build
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terminology, and try to develop abstractions. These abstractions should facilitate the
transferability of findings while still staying related to their context of emergence.
They can be seen as elements of a theory of practice-based computing.

With regard to the role of abstractions, our work follows a similar epistemolog-
ical stance as that of Herbert Blumer when he speaks about sensitizing concepts:
“[A sensitizing concept] gives the user a general sense of reference and guidance in
approaching empirical instances. Whereas definite concepts provide prescriptions
of what to see, sensitizing concepts merely suggest directions along which to look™
(Blumer 1954: 7). Following Blumer (1954), we are able to question taken-for-
granted concepts in the given literature and enrich them with empirical phenomena
found in our design case studies.

Concepts, in this sense, can deal with:

1. Specific features of social practices: Prominent examples of abstractions dealing
with aspects of social practices are the concepts of awareness, as suggested by
Heath and Luff (1991), or on a more abstract level the concept of situated action
(cf. Suchman 1986).

2. Principles for the design of IT artifacts: Examples of such principles are the
architectural model of an awareness pipeline (Fuchs et al. 1996; Fuchs 1998) and
mechanism for handling conflicts when activating groupware functions (Wulf
1997; Wulf and Rohde 1996; Wulf et al. 2001). On a more general level, the
concept of tailorability is another example (Henderson and Kyng 1991; Wulf
et al. 2008).

3. Specific features characterizing the appropriation of IT artifacts and the resulting
changes of social practices: The concept of over the shoulder learning (Twidale
2005) is an example of such a category. At a higher level, the concepts of
anticipated, emergent, and opportunistic organizational changes following the
introduction of groupware fall into this category (Orlikowski and Hofman 1997;
Stiemerling et al. 1998; Pipek and Wulf 1999). Overall, this category seems to
be less developed so far.

Concepts can also deal with methods covering the individual steps of a design
case study or research practices providing a perspective for a whole case study. The
concepts of integrated organization and technology development (Wulf and Rohde
1995; Rohde 2007) or infrastructuring (Pipek and Wulf 2009) are examples for the
last type of abstractions.

Concept building can also be grounded in partial design case studies, e.g.,
just containing a design-oriented empirical study of social practices and/or a
study on the appropriation of an IT artifact. Indeed, many of the abovementioned
conceptualizations were developed based on a partial design case study. However,
we argue that full-fledged design case studies offer a more profound insight into the
complex interaction of innovative IT artifacts and the supported social practices.

Based on a repository of design case studies, there is a vast variety of different
perspectives for classifying, grouping, and comparing. As already stated, resulting
abstractions can be built on different levels. In the following, we want to explore
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comparative concept building on a more detailed level. In Sect. 7.6.1, we elaborate
on two concepts which have emerged from the complete design case studies Loca-
tion Tracker and Social Display, conducted in the elderly domain. In Sect. 7.6.2,
we look in the domain of office work and elaborate on practice-oriented design of
access control mechanism. The concept building in Sect. 7.6.2 is based on partial
design case studies.

7.6.1 Concept Building in the AAL Domain

In the following, we first introduce two concepts which we think may help to better
understand specific aspects of the design space in the AAL domain. Then we will
reflect upon the concepts’ emergence from a practically grounded perspective.

We suggested the first concept, (a) Grown and Constructed Autonomies, as
an abstract term to sensitize for a better understanding of specific features of
social practices in the AAL domain. We coined the second concept (b) Procedural
Interaction Design with which we would like to describe a principle for the I'T design
for elderly people.

7.6.1.1 Grown and Constructed Autonomies

When we started our research, the provision and preservation of elderly peoples’
autonomy was considered a major goal, at least in government-funded European
research projects following the AAL agenda (Malanowski et al. 2008). In this
perspective, autonomy is basically understood as the ability to lead one’s everyday
life as independently as possible. Technologies developed in this realm should serve
this target, and an autonomous appropriation of these technologies is taken for
granted. Autonomy then, one would assume, is a well-defined concept in directing
AAL research. However, when looking at elderly people with special cognitive
or physical needs, our design case studies have argued for differentiation of this
understanding.

Our research work in the field of dementia care showed a more nuanced picture
of autonomy-related thinking and acting. The handling of the topic in practice has
many more facets than seen so far in public discourses. This variety of facets
influences IT appropriation which is supposed to foster autonomy and lead to a
multitude of emerging practices.

Our initial approach to the field of dementia care was in the context of the
Location Tracker project. The project proposal had a strong focus on caregivers
in familial and institutional contexts rather than on the people with dementia
themselves because the caregivers were seen as the ones actually appropriating
the application. However, our interviews and participant observations directed our
view at a very early stage to the caregivers’ value trade-offs between “autonomy
and privacy” and “autonomy and safety.” These trade-offs found their instantiation
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in relationship-based problems at microlevel, but were also interwoven in broader
organizational, ethical, and legal problem spheres.

Autonomy was thus reflected and enacted differently in the various application
contexts (cf. Wan et al. 2014). The situated enactment of the legal concept of
“freedom-depriving measures” is a good example for our argument. In the nursing
institutions interviewed, “freedom-depriving measures” were mentioned frequently
by both the managers and the ward nurses as measures to be avoided. In Germany,
such measures are forbidden by law; their initiation requires the ruling of a judge.
However, what would count as such a measure was not always well defined. The
participants in our study agreed on some core principles, such as not fixating
residents to a chair or their beds without a court ruling or the fact that entrance
doors to nursing homes must always be kept open. However, workloads on wards
in some cases lead to practices which in effect had freedom-depriving effects but
would not be easy to prosecute legally — such as heavy doors which could not be
opened by a weak elderly person. Other institutions put, e.g., curtains on the doors
to distract the wandering residents from finding the door.

The analysis of the interviews with family caregivers — husbands, wives, sons,
and daughters — offers very different perspectives on the concept of autonomy of
wandering patients. The differences range from one extreme to the other. In one
case, where care took place in the home, the husband reported that he allowed very
little freedom of movement to his wife, who is a dementia patient. When in their
home, he would not allow her to be alone on another story for fear that she might
hurt herself. Being a retired engineer himself, he developed coping mechanisms for
their everyday life: he “engineered” her eating, sleeping, and bathroom habits by
means of medication. In his understanding, autonomy was not a relevant issue to his
wife as she was “no longer here” with her mind.

At the other extreme, the daughter of a woman suffering from the early stages
of dementia has built a social network to collaboratively take care of her mother.
Her mother was able to live independently in her own home and conduct everyday
tasks — even go to the city — on her own. For the daughter, it is vital that her mother
feels she is autonomous — and she has adopted many measures to “artificially”
achieve this, such as asking shop assistants and bank clerks to give the mother what
she wants, but only within reason. Sometimes the daughter “shadows’ her mother on
her way to town. From the daughter’s perspective, her mother’s ability to maintain
a public and independent “face” is of primary importance.

In another case, a husband with dementia was taken care of by his wife and
daughter at home. The women reported that the father had always had a dominant
role in the family and a strongly independent attitude. Despite the onset of dementia,
he continued to assert this dominance. He still took long walks on his own, leaving
his family in a self-confessed position of helplessness. This, we discovered, is not
uncommon in situations where female relatives have to cope with male dementia.
This treatment of autonomy is quite different from the case of the husband who
“engineered” the behavior of his dementia-suffering wife. His preexisting and
continuing dominance in the family had actually helped him manage his wife’s life
with less resistance.



136 V. Wulf et al.

In the home context, we learned, families tailor care strategies to fit local
conditions and needs. Each family has its own habitual familial pattern, such
as structure, hierarchy, balancing between genders, and children vs. parent roles.
Our empirical analysis indicated that preexisting life practices lead to completely
different effects on the care concept when dementia occurs.

For many of the relatives, the classic value trade-off between safety and
autonomy is of minor relevance in their decision-making, especially when the
disease advances. Many relatives report primarily about the overwhelming burden
of safety concerns with regard to family members who are dementia patients.
So for them, keeping the patient safe is much more important than preserving
the patient’s autonomy. As Alzheimer’s disease progresses, the patient’s mental
existence is often perceived as “fading away,” and autonomy thus becomes less and
less important for caregivers who put the symptoms of the disease at forefront.

It is a feature of such relationships that they engender a great deal of reflexive
concern, contingently negotiated — which means autonomy is far from being
a universal discourse to be used for organizing people’s actions and behaviors
(O’Connor and Purves 2009). In addition, current approaches in AAL research often
neglect the social and interpersonal contexts in which actions and reflections on
autonomy-related decisions occur.

What the studies strikingly have shown is that the term “autonomy” — and how
this is used to talk about care practices for elderly persons — is manifold in its
appearance in the practical context. It has implications on different levels, whether
at a political, social, or practical level in the everyday work of caregivers (Miiller
et al. 2010). To stress interdependencies between increasing physical and cognitive
decline of elderly persons and the respective needs for help of caregivers, Fitzpatrick
et al. (2010) suggest the concept “dependable autonomies.” This, however, seems
to imply that autonomy might be conceptualized in stages or steps, which need
a related adaptation of care measures when a disease progresses. From a practical
perspective, this seems to be a helpful approach at an operational level. Our research,
however, wishes to contribute to a better understanding of autonomy-related care
situations from a more deconstructing perspective in questioning the rationales
being used in care relationships toward concepts of personhood and how they
are positioned in the related sociocultural contexts of families, care homes, etc.
From this conceptual perspective, the deconstruction of autonomy in decision-
making processes may open up new areas for improvement (O’Connor and Purves
2009). The analysis of our case studies makes visible the multiple and sometimes
contradictory meanings the different measures and decisions taken by caregivers
in dementia care imply. And they are rooted in personal value systems, in historic
and habitualized developments of the patient-caregiver relationships, and in micro-
political contexts, such as care home politics, or situated aspects, such as the actual
health statuses of the patients. In addition, decisions in caregiving for an institutional
patient or a relative at home can be consciously reflected, but also stem from
habitualized activity and value patterns. This also implies that we need to better
understand how situated care experiences are shaped by and embedded in broader
societal contexts.
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Authors in gerontology or care sciences point at the need to move beyond the
focus on the individual to examine collective experiences and interrelational aspects
in dementia care and to take up a more critical lens in order to implement new ways
of thinking “about the place of autonomy (and arguably cognition) both within our
society, but especially in the lives of persons with dementia” (O’Connor and Purves
2009: 206). For them, the task of deconstructing autonomy is a major first step
toward envisioning personhood and for providing a useful framework for ethical
decision-making. This is far more important for IT development, and our concept
aims at challenging taken-for-granted assumptions of design teams and guiding their
attention to a more holistic and deconstructive stance.

The Social Display design case study revealed yet another reference to how
autonomy and self-determination are being negotiated and enacted, both by the
elderly care home residents themselves and by the care staff. As reported above, the
initial interview and observational studies in the care home showed a huge passivity
on the residents’ behalf and thus a great reluctance to engage in a common project
with us. This was equally mirrored by many of the social workers who often told us
that they did not think that many residents would be interested. That is the reason
why we initially had to strongly convince the staff that the Internet Days might
indeed be interesting for people who were mainly perceived as passive. In the end,
all the social workers were extremely surprised that residents formerly perceived
as passive started to engage so actively in the workshops. On the residents’ side,
the pre-study revealed their behavior and the way they thought of themselves as
being strongly self-positioned at the margin of society, expressing sentiments such
as “people do not care about old people like us, but that is just how it is.” Thus,
we were confronted with their self-image of being marginalized but also their huge
acceptance of this issue.

Here, we furthermore learned that the caregivers’ perceptions of what the
residents would be able to do or in which topics they would be interested influenced
the process at first. However, by dint of the Internet Day interventions, not only
did the interests and motivations of the residents open up, but also those of the
caregivers.

All in all, we see that the term “Grown and Constructed Autonomies” aids a
better understanding of the design space in the analysis phase as well as in guiding
actual design research methods.

In the Location Tracker case, the issue of stakeholder constructions of autonomy
(and by this the evaluation of what a person with dementia should or should not
be allowed in daily practice) points to the need of providing a communication
area in the system in which collaborative caregiving and negotiation would be
allowed to align individual views and to develop a more human viewpoint to
the affected persons’ everyday practice and needs. Various stakeholders with
diverse backgrounds often have to align their approaches of thinking what good
management of “wanderers” should be in regard of their conception of autonomy.
That is why the IT system should enable mutual learning and negotiation around
this issue — at system level, support must be provided for negotiation space on how
functionalities should be adapted to manage the wandering of an individual person.
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7.6.1.2 Procedural Interaction Design

We coined this term to highlight several issues which come to the foreground when
designing with the very target group. The concept is relevant for the design phase
as well as for the empirical work in the context of pre-studies and studies on
appropriation.

The first aspect of the “procedural” is devoted to the target of building up a
common design space with the partners of the very target group. The elderly people
themselves with whom we worked as well as their caring social networks at home
and in caregiving institutions can be described as not affine to new technologies and
the Internet in most cases. There is also a lack of ability in articulating problems of
their social practices in which design ideas are usually grounded. We therefore tried
to find “anchor points” in the people’s social practices which can serve as “tickets
to talk” (Svensson and Sokoler 2008) to start a deeper conversation about issues of
everyday life.

In the Social Display project, we organized workshops which helped the target
group to develop a sense of how technology could be meaningful for their lives
and for the caregivers’ work with the elderly. Bringing in off-the-shelf technology
in a very early phase turned out to be very helpful for two reasons: firstly, the
collaborative search for interesting media content on the Internet could easily be
linked to the elderly person’s former or current experiences in a broad sense. For
example, showing a music show from the 1960s was met with joy and excitement
and could serve as a starting point for a further journey through the Internet to other
anchor points bringing enjoyment to the elderly person. Secondly, the technology
used at the Internet Days also served immediately as an experience-based example
of what the residents might be able to achieve with modern technology, and it
also afforded them hands-on experience. The mutual learning processes between
the elderly, the staff, and the design team initiated by these interventions revealed
anchors to former and current aspects of life practices which could be explored more
deeply and from which meaningful design ideas could be derived.

In the Location Tracker project, we used a similar early intervention — however
this time mainly with the caregivers. We discussed with them examples of off-the-
shelf technologies and elaborated on their concerns to find their specific “anchor
points.”

For the design phase, another “procedural” element became important. We were
confronted with problems of reminiscence in the care home. We therefore attempted
to install a performing prototype as soon as possible in order to keep the residents
on track and interested in our project. We rolled out the display offering only very
simple functionality and reduced content to help the elderly become acquainted
with the system. The first prototype version included a very simple color-coding
system and reduced selection options. By doing this, we could lower the barrier
to technology appropriation and were able to increase complexity in successive
versions of the application. In addition, the technology and the media content during
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the workshop/Internet sessions as well as in the first functional prototype were kept
similar in order to support the residents’ ability of recognition and reminiscence.

7.6.2 Computer-Supported Access Control: Building Concepts
by Comparing Cases

We have worked for a longer period of time on access control in cooperative work.
When we started our research, the discourse on access control was merely framed by
a technical perspective. The given concepts suggested how to design access control
in the sense of a technical functionality (Lampson 1974; Shen and Dewan 1992).

We conducted empirical research investigating how access to data was controlled
across three different organizational settings: a state representative body, a federal
ministry, and an editorial office (Stiemerling and Wulf 2000). In the first two cases,
we observed access control practice dealing with a groupware application; in the
third case, we observed access control to paper documents. Comparing the three
empirical cases, we could identify three factors which were relevant elements of the
observed practices of controlling access:

1. The control of access could be delegated to an actor who was not the owner of
the data to be accessed (third person).

2. Actors who accessed the protected item could be tracked and made accountable
(awareness).

3. The legitimacy of a certain attempt to access the groupware application was
negotiated among those who wanted to have access and those who granted access
(negotiation).

In the first two cases, the observed elements of practice had to be realized in
circumventing the implemented access control functionality. An analysis of the
state of the art indicated that these elements of practices were not yet supported by
technical functionality. As inspiration to design access control functionality in an
innovative manner, we related back to earlier work on conflict management when
activating groupware functions (Wulf 1997; Wulf et al. 2001). Considering access to
data to be a potentially contested activation of a function, we transferred and adapted
design concepts to this particular case. Based on these concepts, we implemented
a prototype which supported negotiating over access to data by means of a semi-
structured communication protocol (Stiemerling and Wulf 2000). This design case
study remained fractal since it fell short of an evaluation in practice.

In a fourth case study, we investigated access to a steel mill’s central drawings
archive. The steel mill was maintained cooperatively by an internal work unit and
external engineering offices. The drawings were stored on paper, on fiches, and,
partly digitally, in a central archive and its database. We investigated empirically
how the external engineers’ access was controlled, considering the existence of
different media and a historically grown classification scheme. Controlling access
appeared to be a highly situated activity which was not well enough supported
technically, specifically for granting permission remotely to the external offices.
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Looking more systematically at the temporal structure when access permissions
were granted, we were able to differentiate between three cases:

— Ex ante control: if permission has been defined before the access takes place
— Uno tempore control: if permission is defined at the moment of access
— Ex post control: if permission is checked after access has taken place

Based on the empirical findings, we built a prototypical access control system
in extending the steel mill’s database. To support different access control strategies,
the application was built using software components which could be (re-)assembled
by users during runtime. We involved the different internal and external engineers
in both lining out the set of components and defining suitable access control
functionality. However, this design case study fell short of a long-term evaluation in
practice.

In a final journal paper, we elaborated more fundamentally on the four fragments
of design case studies. The first step was to suggest the conceptual differentiation
between the social practice of controlling access to data/resources (“computer-
supported access control (CSAC)”) and the IT functionality which supports this
social practice (“CSAC system”). This distinction enables us to discuss in a more
differentiated manner how to complement practices by IT design. In our earlier
publications, the design approaches were based on the assumption that given CSAC
practices were insufficiently supported because (1) awareness is only possible in
physical proximity; a technical substitute would be needed in a more distributed
setting; (2) negotiations happened either face to face or by means of external
media, such as telephone; and an integration of a (semi-structured) communication
channel into the CSAC system would better enable the direct implementation of the
negotiation’s outcome (Stevens and Wulf 2009).

Comparing the four cases with regard to the different design approaches, we
were able to describe the design space for CSAC in a more systematic manner.
A two-dimensional matrix classified the different approaches according (a) to the
temporal relationship between the legitimation of access and the access attempt
taken from Stevens and Wulf (2002) and (b) to the mode of interaction, specifically
awareness, protection, and negotiation. The second dimension was an elaboration
of the classification scheme emerging from Wulf et al. (2001) and Stiemerling
and Wulf (2000). Based on these two dimensions, the given technical mechanisms
could be classified. By comparing different implementations of CSAC systems,
we were able to extract further design requirements — specifically with regard to
modularization of their implementation.

7.6.3 Discussion: Concept Building in an Environment
of Competing Claims

We have presented two domains in which we have explicated sensitizing concepts
based on a comparison of different design case studies. Following Blumer (1954),
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we understand these concepts as suggestions to consider a certain perspective on
design in practice. In this sense, they can be seen as condensates of practice-based
research.

The sensitizing concepts cover quite different aspects of a design case study. In
Sect. 7.6.1, we elaborated on the concept of Grown and Constructed Autonomies to
frame a certain perspective on practices in care settings. The concept of Procedural
Interaction Design describes the procedural experiences we gathered when working
for and with the elderly. For the development of a first working prototype, we
also were able to describe specific aspects in actual design. In Sect. 7.6.2, our
first conceptualizations dealt with recurrent elements of access practices. While
exploring design opportunities for unsupported elements of these practices, we were
able to describe the design space for technical implementations of access control in
anew and systematic manner. Finally, a practice-based analysis of the fractal design
case studies allowed us to reflect upon the relationship between access practices and
technical control mechanisms. We labeled such a research perspective “computer-
supported access control.”

The very nature of the data generated in design case studies positions concept
building into a certain epistemological tradition. This tradition is often at odds with
prevalent styles of concept building. Our research approach is strongest where it
offers empirical data or design-oriented insights which contradict or extend the
findings of given research traditions. The conceptual work in the domain of access
control is a good example of how our research tradition can help to develop
design concepts beyond the mainstream understanding in computer science; see the
extension of the Lampson matrix in Stevens and Wulf (2009).

When pursuing design in certain domains, we are occasionally confronted with
the fact that the academic discourse has not yet dealt with it at all or, at least,
not in a design-relevant manner. For instance, we could not identify any academic
work which had described or conceptualized the navigation practices of firefighters
in burning buildings in a manner suitable to ground design. In the gerontology
domain, we found care and aging theories which were mainly quantitative in method
and context unspecific regarding its findings. At this level, we found competing
theories which came to contradictory conclusions, e.g., in analyzing the wandering
symptom of early Alzheimer patients. While the gerontological discourse postulated
that person-centered care would be the standard approach in Germany, detailed
descriptions of caring practices were rather scarce. Our design-oriented studies
revealed a much more nuanced view on caring practice. In the mainstream of design-
oriented research, a profound level of interdisciplinary cooperation was missing.

However, the state of the art still plays a central role in our work in generating
sensitizing concepts. The state of the art in epistemologically related fields shapes
our thinking and allows us to identify concepts from our design-oriented work. For
instance, when postulating the concept of “computer-supported access control,” we
drew on two decades of work in the CSCW community.

Pursuing academic innovation in a nonmainstream paradigm can also lead to
complications in practice. The world view of the practitioners we work with is
often framed by a mainstream understanding often shaped by professional and
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educational institutions. We observed these phenomena in the aging domain. The
prevalent concepts there do not match up with a practice-based perspective on the
analysis of the existent and the design for the future. For instance, the gerontological
mainstream has not dealt much with computer support in engaging people of an
advanced age in residential homes. The few studies which do exist consider IT to
be either not necessary or not successful in these contexts. The caregivers were
therefore quite skeptical when they began to work with us. Yet our design-oriented
explorations revealed a rather considerable potential in improving the residents’
quality of life.

We still have little experience regarding how our approach to concept building
supports the transfer of design-relevant issues and insights. We believe that the
sensitizing concepts need to be understood as linked to the design case studies they
are derived from.

7.7 Discussion

The work with sensitizing concepts is an important bottom-up strategy to develop
relevant themes from different design case studies (DCS). For each of the studies
above, we were able to derive domain theories that helped to analyze the practices
observed and informed design. One of the main perspectives for establishing DCS
as an empirical tool is to devote more attention to the emergence of new/changed
practices in connection with innovative information technology. The appropriation
of a new technology is often a very complex process that is not only influenced by
the characteristics of the new technology and the landscape of experiences and needs
that lead to the initiative of becoming involved with this new technology and to
the requirements that informed the development process. That landscape may have
changed significantly during the development phase and during/after the technology
introduction, and alternative technological or non-technological solutions may have
surfaced along the way — with unforeseeable consequences. The art of conducting
a DCS is to be able to capture this richness of relevant developments, although one
may have had an initial (technological) idea to follow and although much effort may
have gone into making this idea a new software artifact. As these developments may
take their time, the appropriation phase cannot be considered finished at a certain
point; it merely merges into the “normal” emerging practice of the field. For a design
case study, it may even make sense to revisit a field a decade after the technology
was introduced and to look for the traces that the then new technology and the
discourses around it left behind and to reconsider the level of “success” that can be
associated with this technology development project.

It is obvious that if we want to consider and acknowledge the various contri-
butions that led to this level of “success,” we can not only look at the actors and
activities that contributed to the final shape of the technology product at hand;
we further want to look at the actors and activities that contributed to the shape
of the technology usages that emerged. If we consider the narrower environment
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of the technology development process, we are likely to be able to come up with
rather well-structured descriptions of actors, their roles, and their activities, as these
may already be suggested by the technology development methods that have been
used (e.g., the Rational Unified Process, Agile Software Development methods,
etc.). This is much more difficult with the wider field of actors and activities.
Even participatory design methodologies that are already more sensitive toward
contributions from the field of practice often remain focused on the product (as a
design result) and the project (the planned process that guided the mutual exchanges
between technology developers and existing/future users) and cannot guide good
descriptions outside this scope.

7.7.1 Tensions Between Research-/Development-Based
and Practice-Based Thinking

Orlikowski (1996b) started a discourse on practice-based research that focused
on the events and actions that made a particular practice emerge. She made
explicit that a further development of technology-based practices (“‘organizational
change”) is far from being the plannable, organized process that development
process models usually assume when they talk about “introduction” as a final phase
of development. In research-/development-oriented thinking, a defined, structured
process is necessary to organize the work around creating an IT artifact, and this is
what process models in software engineering and information systems design do.
“Organizational change” is often a spontaneous, challenge-based, or opportunity-
based phenomenon that does not align well with the structuring perspectives of these
technology development methods, with the time frames to consider being the maybe
most obvious asynchronicity: development and research projects having a fixed time
frame in which the resources of researchers and programmers are allocated, practice
as an evolving phenomenon emerges at speed, and a resource investment that
strictly follows practice-internal needs and considerations. Although there have been
tendencies to overcome the project/product focus (e.g., Dittrich 2014 looks beyond
the project as an entity of activity in software engineering, Hanseth and Lundberg
2001 argue in favor of speaking about “infrastructure improvement” rather than of
“information systems design’’), we would argue the necessity of establishing a level
playing field for describing the various actors, roles, and activities with a similar
level of detail for those parts of a study that are concerned with the professionalized
field of technology development and its related domain models, as well as those
parts of the study that are concerned with the emerging/changing practices in the
field. Earlier, we (Pipek and Wulf 2009) suggested a theoretical framework of
“infrastructuring” for this purpose.



144 V. Wulf et al.

7.7.2 Infrastructural Breakdowns and the Point
of Infrastructure

The term “infrastructuring” has been used occasionally earlier, but a consistent
description of its potential has only been provided by Star and Bowker (2002), and
it was first used in that sense by Karasti and Baker (2004).

Project-based thinking usually assumes that the project goal is so important that
all stakeholders are involved with a level of attention that matches their project role.
With “infrastructural” thinking, practice emerges along discrete events that bring
infrastructural issues into the focus of attention of the stakeholders affected. From
their perspective, Star labeled these events “breakdowns.” We wanted to have a
broader and deeper understanding of the attention economy around technological
infrastructures and called that event the “point of infrastructure” (POI) (Pipek and
Wulf 2009).

On these occasions, the invisibility/transparency that infrastructures usually have
during use ends and issues concerning the extension or reconfiguration of an
infrastructure come to the fore. These are the occasions when practitioners are “by
nature” able and willing to engage in a discourse about the future developments of
an infrastructure and about the associated reconfigurations that lead to a changed
practice.

Within the context of DCS, these concepts are important to consider on three
occasions:

* When relevant practitioners decide to engage in a design case study, the
researchers may assume that there have already been several “points of infras-
tructure” that lead to relevant insights and attitudes. During a pre-study, this
element of the practices’ historicity should be captured and acknowledged.

* During the pre-study, it makes sense to actively look for potential discrepancies
between what the work infrastructure provides and what is perceived as necessary
or interesting by the workers. These are potentials for “points of infrastructure”
to be explored during the design case study. During the course of the study, more
“points of infrastructure” may occur that need to be acknowledged to inspire and
inform good design.

* The introduction of a new technology that results from the (participatory) design
activities is an additional “point of infrastructure.”

On these occasions, empirical work within the framework could take “points of
infrastructure” as a sensitizing concept to reflect upon the infrastructure develop-
ment that practitioners engage in.

7.8 Conclusion

Design case studies can be understood to be empirical investigations into inter-
ventions which explore the potentials of an innovatively designed IT artifact. The
direction of the empirical pre-study is broadly defined by a technological potential
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available but not yet explored in (this) context. Therefore, design case study-
based research is driven by new technologies as much as by societal problems
and potentials. They are a means to understanding the opportunities in encouraging
social innovation by introducing appropriately designed IT applications (cf. Pipek
and Wulf 2009). Thus, they allow the understanding of the quality of design by
its effects in practice. To reach such an understanding, a long-term engagement
with the relevant domains of social practice is important. It is required to gain
sufficient commitment from the practitioners in the design process and to allow
for the investigation into changing practices during IT appropriation. The findings
of such a single design case study are highly specific to the social context they take
place in. Their results do not allow for simple generalizations; their transferability
into other contexts needs to be considered with care. We, therefore, suggest building
a corpus of well-documented design case studies. We hope that the contextualized
description of the social practices, the IT design, and its appropriation, together with
a link to the authors of the study, may enable other researchers and practitioners to
transfer findings to their own contexts. The transferability of findings is supported by
the creation of sensitizing concepts which are grounded in individual case studies.
Following Blumer’s (1954) tradition, these concepts do not claim general validity.
We understand sensitizing concepts rather to be an offer to the reader to be aware
of condensed insights and a pointer to more contextualized results — documented
in the original case studies. We believe that the discourse on “infrastructuring”
(Bowker and Star 1999; Pipek and Wulf 2009) provides interesting perspectives
to conduct, document, and compare different design case studies. Rather than
pruning the research questions and methodology poorly according to technological
design opportunities, we would like a case study to be a unit whose coherence
in presentation is mainly shaped by the practices undergoing investigation. Our
research approach needs to find an often delicate balance between relevance defined
from the practitioners’ point of view with relevance and rigor emerging from the
researchers’ academic practice.

We are still at the beginning of the research program outlined in this paper. Its
viability still has to be proven empirically.
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Chapter 8
A View of Causation for CSCW: Manipulation
and Control in the Material Field of Work

Lars R. Christensen and Olav W. Bertelsen

In this chapter, we attempt to achieve a better understanding of how cooperative
work is partly accomplished by virtue of the actors’ manipulation and control of
causal relationships central to their material field of work. Previous CSCW studies
have not focused extensively on causation in cooperative work (e.g. see Schmidt
and Bannon 2013). Consequently, it is a challenge to find a conception of causation
appropriate for the study of cooperative work. This chapter addresses this challenge.

Inspired by manipulability conceptions of causation (e.g. Gasking 1955; Pearl
2009; von Wright 1971; Woodward 2003), we focus on causal relationships in the
material field of work that are potentially exploitable for purposes of manipulation
and control by the cooperative actors. This is a practical approach to causations with
human agency at the centre — often we find that cooperative actors are focused on
causation in order to change some feature of their world.

Our empirical data originate from two studies of cooperative work, namely,
a study of chemotherapy and a study of the building process. The first study
shows that in chemotherapy the actors are manipulating and controlling the causal
relationship between drugs and cancer cells. The second study of causation shows
that actors in the building process are engaged in understanding and manipulating
the causal relationships between the building in the making and the forces of
nature. Combined, the two studies point to the centrality of causation in cooperative
work. More precisely, the cases show that the cooperative actors are systematically
engaged in understanding, manipulating and controlling causal relationships making
up their material field of work.
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Broadly speaking, the chapter may be said to address the elusive yet core CSCW
problem of characterising the actors’ engagement with materiality in cooperative
work. Analysing how actors manipulate and control causal relationships central to
the material field of work is part of this.

We will proceed in the following manner. First, we will discuss causation theory
with the purpose of substantiating an approach appropriate for CSCW. Second,
we will analyse causation in, respectively, chemotherapy and the building process.
Finally, we will discuss our findings and their perspectives for CSCW.

8.1 A View of Causation for CSCW: Manipulation
and Control

According to Cartwright (2007), causation is not one monolithic concept, nor is
there one single phenomenon — the ‘causal relation” — that underpins the correct use
of that concept. There are a variety of different kinds of relations pointed to by the
abstract term ‘causes’ and a variety of different — correct — uses of the term for a
variety of different purposes. The variety of theories of causation provides one of
the major reasons in favour of this plurality view. Each theory or approach seems
good for one sort of examples or phenomenon and not others, each theory seems to
be good at illustrating the phenomenon selected, but each has counterexamples and
problems (Cartwright 2007, p. 44).

Here are some of the key contemporary theories and their major proponents' (the
list is adapted from Cartwright 2007, p. 43):

1. Probabilistic theory of causality designates a group of theories that aim to char-
acterise the relationship between cause and effect using the tools of probability
theory. Interpreting causation as a deterministic relation means that if A causes
B, then A must always be followed by B. In this sense, war does not cause deaths,
nor does smoking cause cancer. As a result, many turn to a notion of probabilistic
causation. Informally, A probabilistically causes B if A’s occurrence increases
the probability of B (e.g. see Spirtes, Glymour and Scheines 1993; Suppes 1970).

2. Process theories of causation are based on a distinction between causal pro-
cesses and noncausal processes. Crudely put, these approaches often distinguish
between a process and a pseudo-process. As an example, a ball moving through
the air (a process) is contrasted with the motion of a shadow (a pseudo-process).
The former is causal in nature, while the latter is not according to this view (e.g.
see Dowe 2000; Salmon 1984).

3. Counterfactual accounts of causation harbour the basic idea that the meaning
of causal claims can be explained in terms of counterfactual conditionals of the
form ‘if A had not occurred, B would not have occurred’ (e.g. see Hendry 2009;
Holland and Rubin 1988; Lewis 1973).

Tt is beyond the scope of this chapter to review these theories in full; please see, for example,
Cartwright (2007) for an excellent treatment of the subject.
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4. Manipulability notions of causation focus on causal relationships that are
potentially exploitable for purposes of manipulation and control: roughly, if A
is a cause of B, then if I can manipulate A in the right way, this should be a
way of manipulating or changing B. This is a practical approach to causations
with human agency at the centre, since often we ask causal questions in order
to change some feature of our world (e.g. Gasking 1955; Von Wright 1971;
Woodward 2003; Pearl 2009).

If we accept Cartwright’s (2007) plurality view of causation theories?, then it
becomes pressing to find the theory or view of causation most promising for the
enterprise of CSCW, namely, to understand cooperative work in order to be able to
better computer support it (Schmidt and Bannon 1992). That is, given the variety
of characterisations of the notion of causal explanation, some regimentation of the
usage is pertinent in order for our enterprise to move forward. We suggest that
for the purposes of CSCW, the distinguishing feature of causal explanation must
be that they furnish information that is potentially relevant for manipulation and
control (e.g. of entities in the material field of work such as technologies): they tell
us that if we change one or more variables, we could change the value of other
variables and potentially the outcome of an operation or action. We suggest that
causal explanations are informed by our interests as practical agents in changing
our world. In particular, we hold that it is useful to think of causal relationships
as relationships that are potentially exploitable for manipulation and control. This
idea is stressed in manipulability notions of causation such as those developed by
Gasking (1955), Von Wright (1971), Woodward (2003) and Pearl (2009).

On this view, our interest in causal explanation represents a sort of extension of an
interest in the manipulation and control of material artefacts, including technologies
across various settings and situations. Von Wright (1974, p. 51) argues that the
concept of cause presupposes that of (human) action. If man ‘stood quite passive’
against nature, if he did not possess the notion that he or she can do things,
manipulate materiality, make a difference in the world, then there would be no
notion of causality. Dummett (1964) makes a similar argument in saying that if
we had been unable to manipulate nature, if we had been, in his example, intelligent
trees capable only of passive observation, then it is reasonable to conjecture that
we would never have developed the notion of causal explanation and the practices
associated with it.

Relatedly, the manipulability conception of causal explanation plays an impor-
tant role in how scientists think. Weinberg (1985) draws a distinction between
descriptive and explanatory science in a paper on recent developments in molecular
biology. Weinberg informs us that ‘biology has traditionally been a descriptive

’In a review of Nancy Cartwright’s (2007) book Hunting Causes and Using Them, Kevin Hoover
(2009) finds that sometimes Cartwright treats the various accounts of causation as if they were
so different that it is not clear why they should be the subject of a single book. The critique goes
on to say that she fails to explain what they have in common, if, as she apparently believes, they
do not have a common essence. In fact Cartwright (2007, p. 44) does state that she finds that the
various theories of causation seem to have ‘little of substantial content in common’. Do they have
a Wittgensteinian family resemblance?
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science’ that has now moved to provide ‘explanations’ and identify ‘causal mech-
anisms’ primarily due to recent advances in instrumentation and experimental
techniques. Note the contrast between description and causal explanation. Weinberg
links the ability of molecular biology to provide causal explanations with the
practical activity of manipulating and controlling substances — causal explanations
inform manipulation and control. In Weinberg’s (1985) account, new experimental
and instrumental techniques have played a decisive role in developing the field
of molecular biology into a science concerned with making causal explanations.
New techniques make it possible to manipulate and control biological systems and
to observe results in a way that was previously not possible — moving it from
description towards intervention, manipulation and control (see also Woodward
2003). According to Weinberg (1985, p. 48), ‘the invisible sub-microscopic agents
they study can explain, at one essential level, the complexity of life” as manipulating
these agents makes it possible now ‘to change critical elements in the biological
blueprint at will’.?

This passage illustrates the underlying idea of the manipulability account
of causal explanation: causal explanations (ought to) involve insights that are
relevant to manipulating, controlling and changing our world. Take for example
computer technology. Computer programs, or subsections hereof, are executed on
the computer in an invariant and predictable manner. We are in a position to explain
when we have insights that are relevant to manipulating, controlling and changing
the computer technology. Or put the other way around, being able to explain the
workings of the computer application (to some extend) puts us in a position to
potentially manipulate and control the technology. Causal explanations, however
partial and incomplete, are part of what makes us able to use (and design) computer
applications. It is important to emphasise that when we are talking of causal
explanations enabling the manipulation and control of technology, we are aware that
these explanations need not be more complete, extensive or consistent than required
by the practical demands of the situation. That is, any causal explanation for the
purpose of manipulation and control, of, for example, computer technology, is a
situational property. This general phenomenon relates to what Schutz (1970) refers
to as ‘the problem of relevance’ and what Bourdieu (1992) has called the ‘economy
of logic’.

3Since we raise the relevance of the manipulability conception of causation for scientific work, it
may be appropriate to distinguish our arguments and interests from existing science and technology
studies (STS) and sociology of scientific knowledge (SSK) literature. Briefly told, proponents of
STS (e.g. Barad, Keller and Tchalakov) and SSK (e.g. Bloor, Collins and Yearly) are primarily
interested in how social, political and cultural values influence scientific research and technological
innovation and how these, in turn, affect society, politics and culture. In comparison, we are in this
chapter, from the starting point of causal plurality, primarily interested in identifying and in turn
employing a conception of causation relevant and useful for the enterprise of CSCW. Our evolving
argument is that the manipulability conception of causation may be useful for CSCW, and we will
as advertised attempt to show that in the following pages of analytical work in relation to two cases
of cooperative work. In this manner our interest in this chapter differs somewhat from those of STS
and SSK.
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Relatedly, there is an important dimension along which causal claims may differ.
Consider the following claim: clicking on the printer icon in my Word application
on my computer causes my printer to print out the document in focus. Assuming
that my computer system is functioning normally, the manipulationist view that we
are advocating — following in the footsteps of Gasking (1955), Von Wright (1971)
and Woodward (2003) — holds that this is a true causal claim and one to which we
might appeal to explaining why my computer system has printed out a document on
some particular occasion. However, some might say that there is an obvious sense
in which it is explanatory ‘shallow’ compared to the sort of explanation that would
account for the internal workings of the computer system that might be provided by
a computer scientist or engineer — complete with explanations of Turing machines,
Boolean algebra, Shannon’s symbolic analysis of switching circuits and more.
Some might say that we don’t have a very ‘deep’ understanding of the computer
system if we only know that clicking on the printer icon in my Word application on
my computer causes my printer to print out the document in focus. Some might
say that this example illustrates that causal explanations may differ in depth of
understanding. But keep in mind that causal explanations are situational properties.
It seems that the binary opposition shallow/deep is misleading when talking about
causal explanations. Does the computer user need to know more than the claim
mentioned above in order to print? Probably not, in most situations that is sufficient
causal insight for the situation at hand involving the action of printing a document.
So, instead of talking about depth of understanding or the lack of it, we should talk
about the usefulness or adequacy of a causal explanation in relation to a particular
situation or context.

Note that although manipulability theories of causation have been criticised on
two primary grounds, none of these criticisms are pertinent for our enterprise. Let
us elaborate. First, critics complain that these accounts are circular. According to
the critics, any plausible version of a manipulability theory must make use of the
notion of an intervention and that this must be characterised in causal terms. That is,
attempting to link causal claims to manipulation requires that manipulation is more
basic than causal interaction. But describing manipulations in noncausal terms has
provided a substantial difficulty — causal talk refers to more causal talk — hence the
circularity. Attempts to defend manipulability theories from this critique are recent
accounts that don’t claim to reduce causality to manipulation. These accounts, e.g.
Pearl (2009) and Woodward (2003) used in this chapter, use manipulation as a sign
or feature in causation without claiming that manipulation is more fundamental than
causation and in this manner address the circularity critique.*

The second criticism centres on concerns that causal relationships exist in many
places where human manipulation and control is not readily possible (an example
being the surface of the sun). In this sense, the critics points out, manipulability
accounts of causation makes humans (overly) central. In response to this criticism,

“For a more in-depth discussion of the ‘circularity’ issue and its implications, see Woodward
(2013).
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we may rely on Pearl (2009) to point out that ‘cause’ does not make sense divorced
from manipulability when the purpose of the analysis is to understand human
practice or to furnish information relevant to human practice (the enterprise of this
chapter). Pearl (2009, p. 407) makes the observation that knowing ‘what causes
what” makes a big difference in how we act. Let us give you a deceptively simple
example. Drawing on Pearl (2009), what if we told you that the rooster’s crow
makes the sun rise? If that was true the implication would be that waking up the
rooster earlier and making him crow would make the night shorter. But this is not
so, and we act accordingly. Making this type of a distinction is relevant and has
implication for how we act. This is true even when we are dealing with relationships
that we cannot readily control. For example, we have no practical way of controlling
celestial motion (or what goes on at the surface of the sun), and still knowledge of
celestial motion is relevant to us. We can, for instance, predict the tide of the seas as
a consequence of our understanding of the gravitational pull exerted on the seas by
the moon, and just as important this understanding also provides us with assurance
that the manipulation of earthly things will not control the tide. The point is that
not being able to directly manipulate causal relationships does not necessarily mean
that knowledge of this relationship is irrelevant to human practice (Pearl 2009).

If we accept the manipulability conception of causality, including the notion
of causal explanation as a situational property, then it becomes relevant for us in
CSCW to understand causation in various situations, in various work practices. In
the following, causation in two cases of cooperative work, namely, chemotherapy
and the building process, will be explored and analysed in order to open up the
phenomenon for CSCW research.

We shall start by considering causation in chemotherapy and subsequently turn
to the building process.

8.2 Causation in Work Practice: Chemotherapy

We shall start by briefly considering the methods and setting of the study before
moving on to the analysis of causation in chemotherapy.

8.2.1 Methods and Setting

The study of causation in chemotherapy is based on data generated through 7 weeks
of ethnographic fieldwork on oncology departments. The fieldwork included inter-
views and observations as well as the collection of documents used and produced
by the actors.

One of the departments studied consists of an outpatient clinic, a day clinic with
room for 12 patients and a ward with 33 beds. In addition, the department has a
centre for patient information as well as a centre for cancer research. Approximately
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Fig. 8.1 Medical technologist at work scanning the body of a cancer patient

400 healthcare professionals with expertise in cancer treatment, care and research
are associated with the department. The department offers radiation therapy as well
as chemotherapy. There are approximately 4,400 new referrals to the departments
per year and 3,600 admissions. On a yearly basis the department administers
56,000 sessions of radiation therapy as well as 27,000 sessions of chemotherapy.
The hospital’s surgical department performs tumour surgery in collaboration with
the department. Although the department is highly specialised and devoted to
chemotherapy and radiation therapy, oncology is highly interdisciplinary. The
department needs to cooperate with other clinical specialties, such as the department
of surgery, urology and gynaecology, with the laboratory as well as with the
pharmacy (Fig. 8.1).

The staff at the department is organised in teams with each team focusing on a
particular kind of cancer such as lung cancer, breast cancer, prostate cancer or colon
cancer (our focus).

8.2.2 Causation in Chemotherapy

In chemotherapy, understanding and manipulating the causal relationship between
cytotoxic drugs and cancer cells (as well as the wider human body) is central to the
work practice.
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In short, chemotherapy is the treatment of cancer with one or more drugs
(chemotherapeutic agents), often used in conjunction with other cancer treat-
ments such as radiation therapy or surgery. As mentioned above, whether or not
chemotherapy is given with a curative intent or with the aim to prolong life or to
palliate symptoms, it has the purpose of destroying cancer cells. That is, the drugs
cause the cancer cells to wither away and die. This is the central rationale of this
clinical practice. It is done with this aim in mind.

At the department, patients with a particular kind of metastasised colon cancer
are offered a tested and tried protocol of carefully regimented chemotherapy with
biweekly infusions of cytotoxic drugs that affect rapidly dividing cells. Chemother-
apy can be said to roughly consist in the administering of drugs, in multiple cycles,
and the monitoring the state of the patient. Chemotherapies are based on hundreds
of clinical protocols, with specifications of combinations of drugs and cycles.

Following the manipulability conception of causation, we may say that under-
standing and manipulating the causal relationship between cytotoxic drugs and
cancer cells is (very) central to the practice. As we shall see, taking blood
samples, analysing blood samples, administering drugs, regulating doses, observing
patients, performing PET/CT scans and doing the documentation are (partly) about
understanding and manipulating the causal relationship between drugs and tumour
in order to destroy the cancer cells. Of course there are other concerns or aims
as well intertwined in chemotherapy such as minimising side effects, optimising the
welfare of the patient, not getting sued for malpractice, making a cost-efficient effort
and so on. However, it remains accurate to say that one relationship very central
to this clinical practice is understanding and manipulating the causal relationship
between drugs and tumour. Without this causal relationship chemotherapy would
not be chemotherapy.

We are not trying to reduce the varied and complex practice of chemotherapy to
a matter of controlling and manipulating one causal relationship — there are many
such relationships in chemotherapy not to mention oncology as a whole — but we
are pointing out that the causal relationship between drugs and tumour is central to
chemotherapy.

It is worthwhile to consider how causal relationships in chemotherapy intersect in
practice and must be balanced by the actors. The premise of this balancing act is that
in chemotherapy it is relatively easy to kill all cancer cells with highly toxic drugs,
but relatively hard to do so without also killing the patient. This is the reason for the
monitoring of not only the causal relationship between the drugs and the tumour but
also the relationship between the therapy and the patient’s body as a whole. That is,
we may say that there is a myopic view or interest in the causal relationship between
drugs and cancer cells. For example, are the drugs destroying the cancer cell? Can
we see the tumour shrinking when we are comparing PET/CT scans of the tumour
over time? In addition, there is the interest in the causal relationship between the
chemotherapy (as a whole) and the patient’s body (as a whole). For example, what
are the side effects of the treatment? How is the patient’s performance status effected
by the treatment? Can the patient’s body tolerate the doses?
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The organising principle for chemotherapy in relation to, for example, colon
cancer is as indicated the concept of ‘series’. Each cycle or series involves the
infusion of drugs at the 14th day of each series,” as well as control in terms of
the establishment of performance status, blood values, side effects and tumour size
at the 7th day of any given series.® In this manner each series of treatment and
examination amounts to the manipulation and control of the causal relationships
mentioned above between (1) drugs and cancer cells and (2) the chemotherapy (as
a whole) and the patient’s body (as a whole).

In practice, these two causal relationships are as indicated represented and
monitored in different ways. While the causal relationship between drugs and
tumour is monitored primarily via PET/CT scans, the causal relationship between
therapy and the patient’s body (as a whole) is recorded as side effects on a form
according to a grading system (from O to 4 where 4 is most severe). Let us elaborate.

PET/CT scans are the primary means of evaluating the causal relationship
between drugs and tumour. PET/CT imaging combines nuclear medicine techniques
with special x-ray equipment to produce multiple images of the inside of the body
that many be compared over time. These cross-sectional images of the area being
studied can then be examined on a computer monitor or printed. PET/CT scans of
tumours reveal more details than regular x-ray exams. The objective is to identify
when tumours in cancer patients improve (‘respond’), stay the same (‘stabilise’) or
worsen (‘progress’) during chemotherapy. These criteria are specifically not meant
to determine whether patients have improved or not per se, as these are tumour-
centric, not patient-centric, criteria.

The causal relationship between the therapy as a whole and the patient body
(as a whole) are considered in terms of side effects. That is, a nurse interviewing
and observing the patient makes use of a side-effect form in order to quantify, in
accord with WHO standards, the performance status as well as fatigue level and
level of pain experienced by the patient after each chemotherapy session. This is
done according to a grading system (from O to 4 where 4 is most severe). This is
a process that relies on the expressions and observations of feelings of pain and
discomfort as relayed by the patient to the nurse.

When the two causal relationships, between drugs and tumour on the one hand
and on the other hand between therapy and the patient’s body (as a whole), intersect
in practice, a causal nexus emerges that must be handled by the physician. For
example, in a situation where the patient is suffering third-degree side effects such
as severe diarrhoea, the treatment of the patient is postponed by the physician until
the side effect has been reduced to at least grade 1 and thereafter only continued
with 75 % of the original drug dose. This is done routinely according to the protocol
described in a dose-modification guideline set up to handle this balancing act. In this
manner two causal relationships very central to chemotherapy may be represented,
intersected and balanced by the actors.

SThis is from series 3 and onwards once the preliminaries such as establishing a baseline have been
completed.

5There are 53 series of examination and treatment in total in this protocol of chemotherapy.
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Again, we are not trying to reduce the varied and complex practice of chemother-
apy to a matter of merely controlling and manipulating one set of causal relation-
ships — there are obviously much more to oncology as a whole — but we are pointing
out that there are causal relationships central to chemotherapy.

Generally speaking, in work practice actors are often manipulating a set of funda-
mental causal relationships. We have considered chemotherapy and the relationship
between drugs and the patient’s body — let us now turn to consider a different
practice, i.e. the construction of a building.

8.3 Causation in Work Practice: The Building Process

Before moving on to an analysis of causation in the building process, we shall first
consider the methods and setting of the study.

8.3.1 Methods and Setting

The study of causation in the building process is based on data generated through
ethnographic fieldwork carried out in the course of fourteen months in architectural
offices and on building sites (see also Christensen 2013). One of the building
projects studied was the development of the new domicile for a publishing house,
a multistorey building in glass, steel and concrete constructed at the city of
Copenhagen’s waterfront.

It is a relatively large building of 18,000 m? distributed across eight floors (see
Fig. 8.2). A combination of observation and interviews was used. The fieldwork also
included collecting (scanning, taking screenshots or photographs of) artefacts used
and produced by the actors engaged in the building projects.

8.3.2 Causation in the Building Process

One fundamental causal relationship in a construction project is between the
building in the making and the forces of nature including gravity. There will be
no building if we cannot adequately manipulate and control the materiality of the
building in the making in order to secure its stability (see also Christensen 2013).
Arguably, for example, aesthetics and financial concerns are subservient to the
matter of harnessing the causal relationship between building in the making and
the forces of nature. We could, for example, have a beautiful design or a very low-
cost building project, but if the finished building cannot stand, it is in the context of
the building industry considered a failure.



8 A View of Causation for CSCW: Manipulation and Control in the Material. . . 161

Fig. 8.2 One of the building projects studied, a domicile for a publishing house

The actor’s ability to adequately understand, control and manipulate causal
relationships is fundamental to the building process and evident (1) in the design
of the building by way of static calculation and design, (2) in the choice of building
materials and (3) in the sequential order of construction work. We shall start
with statics engineering, move on to consider causation related to the choice of
building materials and finally consider how causal relationships influence the order
of construction work on the building site.

8.3.2.1 Causation: Statics Calculation and Design

In a building project, it is very rare for the architects to vouch for the stability
of the building themselves. Although the architects may select and design the
general appearance of the load bearing elements, it is the engineers that craft a set
of static plans for the building project, placing particular emphasis on statically
relevant elements (Fig. 8.3). Statics describe the distributed forces in a system such
as a building at rest. Buildings and parts of building are usually motionless (if
we disregard wind-induced movement), and all the effective forces are calculated
to balance each other out for the benefit of the stability of the building. Static
calculations may include determining the assumed loads involved, calculating the
forces that affect a particular structural element and the forces that it transmits to
others, calculating the forces within structural elements themselves, determining
the stability of the planned construction, etc.
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Fig. 8.3 Plan pertaining to the load bearing ‘skeleton’ of the domicile

The load bearing structure of the, for example, the domicile building (our
building project in focus), is a so-called skeleton construction made up of bar-shaped
elements forming a structure like scaffolding. Exterior fagade panels and interior
walls are then added to this structure. The load bearing structure and the elements
that create the interior spaces are, in effect, two separate systems.

Fundamentally, the skeleton structure of the domicile is made up of three kinds
of structural elements: the columns and the decks that absorb vertical loads and the
walls in the kernels that absorb horizontal forces. All the vertical forces from the
floor slabs (decks) are transferred into the columns, and this means that the point
of transition from columns to floor is very heavily loaded. There is a risk of the
column punching through the floor. To avoid this, the columns must be evenly spread
and appropriately dimensioned. The structural engineer distributes these structural
elements appropriately as he or she designs the load bearing structure.

Of course, there are various approaches and options available in a building
project when considering and planning for the structural integrity of the building.
However, the reality that structural integrity is called for is probably not debatable
considering the ubiquitous presence of the forces of nature, including not least
gravity. We could suggest that some form of load bearing structure is a necessity
in a large and complex building project.
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Structural engineers craft a set of static plans for the building project, placing
particular emphasis on statically relevant elements (Fig. 8.3). Here, it is also
important to establish which structural elements load with others. For example, the
roofing is not just supported by the roof structure but also affects the beams, decks
and columns, right down to the foundations. It must be established which structural
elements absorb the loads of the upper storeys.

In addition, there are numerous other cases that we could mention in passing
where causal phenomena are evident and may be anticipated in design. For example,
the anticipation of temperature fluctuations may be related to the design of heating
and cooling systems, the anticipation of the build-up of air contamination may
be related to the design of the ventilation system, the anticipation of wet weather
conditions may be related to the design of the exterior of the building (i.e. roof,
facade, windows and so on), etc.

Perhaps it is evident by now that designing a building such as the domicile
for the publishing house — a large and complex eight-storey building — involves
understanding, manipulation and planning for the casual relationship between the
building in the making and the forces of nature (i.e. gravity, weather, temperature,
etc.). Perhaps we could assert that such design practice is conditioned by ‘natural
necessity’. In order to give ourselves the opportunity to properly asses this assertion,
perhaps we ought to take a closer look at one of the central concepts used, namely,
that of ‘natural necessity’.

Harré and Madden (1975) coined the expression ‘natural necessity’ in their sem-
inal work on causal powers. The notion captures the host of complex connections,
actions and reactions that stem from the causal relationships inherent to not least
to our natural world (Harré and Madden’s 1975). In the context of describing the
building process, using the notion of natural necessity may make us receptive to
the assertion that in the building process, there is no known option but to act in
accord with nature by anticipating the forces of nature — hence the expression natural
necessity.

8.3.2.2 Causation: Choosing Building Materials

Furthermore, the notion of natural necessity may also be relevant in regard to the
discussion of other types of design choices not least the choice of building materials.
That is, perhaps the choice of some building materials is conditioned by natural
necessity. Let us take a closer look.

According to Harré and Madden (1975, p. 11), the notions ‘natural necessity’
and ‘power’ are intimately interwoven. Moreover, Harré and Madden (1975, p.
85) report that under the influence of Ryle (1949) and others, a particular way of
handling the ascription of power to material entities has become widespread. Ryle
and others recommend that we treat power ascriptions not as the assertions of the
presence of qualities but analyse them as hypothetical or conditional statements.
For example, the meaning of ‘It is brittle’ is supposed to mean ‘If maltreated, it will
break’. In a similar spirit, ‘It is poisonous’ is held to be identical with ‘If taken, it
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will kill or make ill’, and ‘It can crush a car’ is taken to mean ‘If it presses a car, the
car will be reduced to the size of a suitcase’. Following this approach, ‘It is strong’
may mean ‘If placed under great pressure, it will hold’.

However, according to Harré and Madden (1975, p. 86), the problem of what the
ascription of a property or power to a thing means when it is not exercised is not
really solved in this approach. To hold, for example, that to assert that a particular
slab of concrete is strong is to make a prediction about how it would behave, if
certain conditions of pressure were fulfilled is only part of it. That is, conditional
statements are not enough when ascribing powers to things or materials. Things
and materials have powers even when they are not exercising them, and this is a
current fact about them manifest in our language about them, a way in which they
are currently differentiated from other things or materials that lack these powers.
Indeed, the reason why we believe that a certain disposition can be asserted of a
thing or material is that we think or indeed know that it currently has such and such
powers.

One of our reasons as actors, and sometimes our only reason, for believing that if
certain conditions are met, then a material or individual thing will behave in a certain
way, is that the thing or material now has the power to behave in that way should the
conditions obtain. The difference between something that has the power to behave
in a certain way and something that does not have that power is a difference in
what they themselves are now as material entities, rather than solely a difference
between what they will do under certain conditions, since it is contingently or
circumstantially the case that their powers are, in fact, ever manifested. It is a
difference that may be ascribed to intrinsic nature, rather than only to extrinsic
circumstances (Harré and Madden 1975). In this manner Harré and Madden refuse
to base their characterisation of the powers of material entities solely on conditional
circumstances, and in addition to these relational parameters, they retain the notion
of powers as internal or intrinsic to the particular thing or (composite) material such
as the reinforced concrete used for the domicile.

Harré and Madden’s position can be understood in the context of a particular
tradition of language philosophy concerned with the everyday or common use of
language (e.g. Wittgenstein, Austin, Searle and Ryle). Arguably, it is in this tradition
that Harré and Madden are asserting that when we talk about the powers of things
and materials, we routinely ascribe intrinsic powers to them as well as extrinsic
conditions. ‘In a sense the ascription of power is a schema for an explanation of the
manifestation of the power’ (Harré and Madden 1975, p. 87). That is, in explaining
the powers of material entities, both extrinsic conditions and intrinsic qualities
may be invoked or referenced. This view may be corroborated if we consider, for
example, how Hegger et al. (2007) describes the (compound) material concrete with
reference to both intrinsic qualities and extrinsic conditions:

The mixture of cement, aggregates and water determines the properties of concrete. The
cement acts as the binder, the water is present so that it can set, and the aggregates cut
down the amount of cement needed and determine density, strength, thermal conductivity
and heat storage capacity. Typical concrete has a high gross density, great surface hardness
and great strength. The usual aggregate is gravel. The structure of large and small granules
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is calculated to create as few cavities as possible. The gravel will be completely enveloped
by the cement and bound to it non-positively. The smaller granule sizes help the concrete to
flow more easily. The properties of the concrete are determined by the aggregates. Normal
concrete has high thermal conductivity and heat storage capacities. Thermal conductivity
can be significantly reduced by changing the aggregates, for example by using expanded
clay, particularly porous clay balls or wood chips. Thermal conductivity can be reduced
further by introducing air pores as an insulation device. This is done by means of blowing
agents, which make the concrete rise like a cake. The result is called aerated concrete.
Chemical substances can also be added to make the fresh concrete easier to work; or colour
pigments to dye the concrete. (Hegger et al. 2007, p. 42).

In this paragraph Hegger and associates seem mostly to describe concrete with
reference to what Harré and Madden (1975) call the intrinsic qualities of the material
(e.g. ‘[...] concrete has a high gross density, great surface hardness and great
strength’). However, they also refer to extrinsic conditions:

As a simple mixture, concrete has little tensile strength, so if it is used structurally it will
always be reinforced concrete. Reinforcing steel is introduced into the concrete at the points
where loads have to be absorbed. (Hegger et al. 2007, p. 43).

In this paragraph Hegger and associates (2007) seem in part to refer to what
Harré and Madden (1975) describe as extrinsic conditions (e.g. ‘[ ...] if it is used
structurally’).

It is not uncommon, then, to explain the choice of building materials such as
(reinforced) concrete with reference to the intrinsic nature of the compound, i.e.
‘concrete has great strength’, as well as by conditional statements such as ‘if used
structurally steel reinforced concrete will hold’. In a similar spirit, we could suggest
that ‘glass is transparent and wind breaking’ and this makes it suitable, ‘if used in
windows or even sections of a roof’. Note how this allows for making a distinction
between changes in the material itself and changes in extrinsic circumstances. We
could argue that if a strict relational or conditional view were maintained as argued
for by Ryle and others, changes in the material itself would be hard to express or
speak of.

While on the subject of materials, we could briefly return to the load bearing
structure of the domicile. In principle, any material that has the properties of
being both compression and tension resistant can be used for the load bearing
skeleton structures, for example, timber, steel or concrete. Each of these has its own
construction methods with a particular set of problems arising from the material and
the methods used for joining it (we won’t go into the details of this). The material
chosen mainly for the domicile’s skeleton structure is concrete or, more precisely,
the compound steel reinforced concrete. We may note, then, that a strong rather
than a brittle material is chosen for the load bearing structure of the domicile, a
compound material that if placed under great pressure will hold rather than crumble.
In this manner the designers anticipate the forces of nature in their choices of
building materials. That is, choices are made partly out of natural necessity (and
partly out of concerns for cost, aesthetics, etc.).
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8.3.2.3 Causation: The Order of Construction Work

As mentioned above, the ability to understand, control and manipulate the causal
relationship between the building in the making and forces of nature also influences
the order of construction work. The construction of the building follows what is
known as ‘the load bearing path’.” This means that the building elements that are
capable of bearing the load of other elements are built before the latter are. One
obvious example is that the foundation is built before the walls and the walls are
built before the roof. This is the general order of construction work. An example
at another level of granularity is that the concrete decks must be cast before the
ventilation ducts or electrical cables are fitted or hung underneath them. This may
be described as a matter of natural necessity considering that forces of gravity have
a large part to play.

What this implies, then, is that natural necessity in part necessitates certain
sequences of work, a certain ordering of the construction tasks. In combination
with the specialised division of labour found among the network of actors, natural
necessity influences the ordering of the construction tasks. For example, the concrete
crew necessarily must perform the work of constructing the foundation and load-
bearing superstructure of the building before the carpenters can do their part on the
interior of the building. This implies that the carpenters (as well as electricians,
plumbers and painters) must rely on the concrete crew and associated actors to
literally lay the foundation for their subsequent work. Note that there is nothing
arbitrary about this specific ordering of the cooperative work tasks in this case.
For example, the work on the foundation must according to natural necessity be
completed before any subsequent task literally resting on this can be performed.

This discussion implies that when designing or constructing a building, the
cooperative work ensemble must out of natural necessity manipulate and control
the causal relationship between the building in the making and the forces of nature,
and this is manifested in static calculation and design, in the choice of building
materials and in the order of construction work. All this may be verging on the
trivial; however, one point is perhaps worth making: if they ignore or fail to do so
at a critical juncture, the building simply will not rise let alone stand. This may be a
trivial observation; however, it does underpin the building process. Let us now turn
to discuss our findings.

8.4 Discussion

Does it make analytical sense to talk of central causal relationships when trying
to understand cooperative work practices such as chemotherapy or the building
process? Let us discuss.

7This is a member’s concept, i.e. an expression used by the actors on the building site.
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In chemotherapy, for example, we found the manipulation of the casual rela-
tionship between drugs and cancer cells to be very fundamental to the practice.
Could it be the central causal relationship of the practice? Chemotherapy would
not be chemotherapy, as we know it, without the control and manipulation of this
causal relationship. In a similar manner, in the building process, we also found
a significant causal relationship. That is, we found the manipulation and control
of the relationship between the forces of nature and the building in the making
to be literally very fundamental to the practice. Paraphrasing our conclusion on
chemotherapy, the building process would not be the building process without the
actor’s manipulation and control of this causal relationship.

We are probably able to identify a central causal relationship (or set of
relationships) in many other practices too.

Having a research interest in causal relationships in work practice may help us
understand something very fundamental, namely, what are the actors doing? What
are the basic causal relationships co-constitutive of a given practice? Arguably,
this goes beyond the explanatory power of common sense ideas like ‘skilful tool
use’ as it has the potential to analyse the constitutive elements of complex work
practices. Focusing on causal phenomenon may help us as we have seen in relation
to understanding both chemotherapy and the building process. However, can we
always expect to be able to identify central causal relationships in any given
cooperative work practice?

It is probably possible to identify causal relationships in most work practices both
in technical domains and on other occasions. But the question of whether or not
these relationships are to be deemed central to the practice is an empirical question
entirely. Above we have seen how manipulating and controlling causal relationships
are central to both chemotherapy and the building process. We have argued that it
is a defining feature of these practices. However, we cannot take it for granted that
the manipulation and control of causal relationships in the material field of work is
central to all work practices. It is an empirical question.

Relatedly, if we turn to the use of computers in general, then at first hand the
picture becomes perhaps a bit murkier as it can be hard to identify any one causal
relationship to be ‘very’ fundamental or central, and all talk of a ‘causal base’ may
evaporate. Computers are hardware machines (CPU, motherboard, ram and much
more) running software machines (OS, applications, Internet services and much
more) with multiple countless interconnected causal relationships crisscrossing. If
we wish to say something about computer technology and causation, then we have to
be very specific about the use of the technology. Again, it is an empirical question.
The point being that computers are used in many practices, and as such central
causal relationships, to the extent than they can be identified, will vary. Perhaps
we may even say that what may differentiate one practice from another practice
is precisely differences in regard to what can be considered to be ‘central causal
relationships’ — to the extent that they can be identified and identified as central.
That may serve as a way to differentiate between practices in a relatively consistent
way, and that may be helpful when we are asking questions such as ‘what are the
actors doing’ or ‘what fundamental causal relationship (or set of relationships) is
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the cooperative actors involved in manipulating and controlling, and how do we
computer support this practice?’

8.5 Conclusion and Perspectives

In this chapter the manipulative account of causation has been brought forward as
a conceptual framework for the understanding and analysis of causal relationships
central to cooperative work practice. Causal relationships central to, respectively,
chemotherapy and the building process have been described and analysed.

In chemotherapy, we found that it is a central part of work practice to understand,
manipulate and control the causal relationships between drugs and cancer cells in an
effort to destroy the latter. Furthermore, it is also part of chemotherapy to monitor
and manipulate the causal relationship between the therapy (as a whole) and the
patient’s body (as a whole) in order to safeguard the wellbeing of the patient. In
practice these two relationships form a causal nexus intertwined in an intractable
manner yet handled routinely by the actors in the clinic.

The study of causation in the building process showed that the cooperative actors
are engaged in manipulating and controlling the causal relationship between the
building in the making and the forces of nature. This is evident in the design of the
building by way of static calculation and design, in the choice of building materials
and in the sequential order of construction work.

In terms of perspectives for CSCW, we may say that studying causation may
also address the elusive question of how to deal with the actor’s engagement
with materiality in the study of cooperative work. That is, in this chapter the
analysis of materiality in cooperative work has been cast as the study of the actor’s
manipulation and control of key causal processes in the material field of work. This
is a path that could be explored further in future studies of cooperative work that has
an emphasis on the materiality of the work setting.
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Chapter 9
Analysing and Supporting Cooperative
Practices: An Interdisciplinary Approach

Myriam Lewkowicz and Pascal Salembier

In this chapter we present an approach that aims at the development of a research
program that entails a theoretical-empirical and a technological dimension simul-
taneously. The objective is both to contribute to the understanding of the socio-
cognitive phenomena that underpin cooperation and collaboration in context and
to contribute to the sustainable development of society by designing services that
fulfil societal needs in a selected set of domains (e.g. risk and crisis management,
social support for the disabled and the elderly, ecological sustainability and energy
savings). One of the distinctive points of our approach is that it involves a set
of researchers coming from different disciplines and working in a single team on
the same empirical-theoretical and technological objects: mediated communication,
cooperative practices and cooperative technologies. This approach has different but
complementary faces: the naturalistic analysis of cooperative practices in different
contexts, the design of services to support cooperative practices and the design of
technological models, architectures and platforms that provide an infrastructure to
support the cooperative services.

9.1 Introduction

Like others, we have been involved for many years now in interdisciplinary projects
that put at the forefront of their agenda the development of design solutions which
are both practical and socially relevant by taking into account the user as a socio-
cognitive agent, embedded in a cultural and historical context and in a field of
situated practices (professional, educative, domestic). One of the distinctive points
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in our own approach (which is the reason why we use the term ‘interdisciplinary’)
is that it involves a set of researchers coming from different disciplines and
working in a single team (named Tech-CICO') on the same empirical-theoretical
and technological objects: mediated cooperative practices and the technologies to
support them.

The most exciting but sometimes difficult aspect of this endeavour is to manage
how to handle the articulation of different disciplinary fields which have different
traditions of research, various methodological orientations and sometimes conflict-
ing, even contradictory, theoretical statements. On the other hand, it offers a unique
opportunity to confront ideas, insights and design options and to mutually discuss
and enrich both the different theoretical frames of reference and the design process
of new situations of interaction and cooperation.

Ultimately, we are more concerned with designing services that support crit-
ical societal challenges (social support, autonomy of the elderly, crisis and risk
management, sustainable development) than with designing the interface of the
next generation of mobile phones or massively distributed games.? This focus is
partially determined by contingent factors® but also by personal or collective ethical
engagement in a field of activity of societal value.

In this chapter, we will start by situating our position in the context of the
EUSSET manifesto (see introduction) and by giving a general overview of our
approach. We will then present our interdisciplinary research program in detail and
will illustrate it by one project example before concluding on issues coming from
reflection on the implementation of our research framework.

9.2 Positioning

9.2.1 A Syncretic View of the Adopted Interdisciplinary
Approach

When we — the Tech-CICO team — are conducting interdisciplinary design-oriented
projects, our collective positioning can be characterised as follows:

It is transformative in essence since it aims at (re)designing situations. Obviously
this aspect is claimed by disciplinary fields represented in the team that encompass a

"Technologies pour la Coopération, I'Interaction et les Connaissances dans les collectifs (Tech-
nologies for Cooperation, Interaction and Knowledge in Collective).

2We have no problem with such research, but it is not the topic of this chapter. Some of our recent
projects are actually related to the design of participative serious games and social software for
smartphones.

3Tt is fair here to face the reality: in a context where public funding gets lower and lower, it has
become critical to be able to find external resources, and this can lead to the opening of new studies
in fields of application of societal concerns related to current trends in funding policies (see, e.g.
Wulf et al. 2011) for a similar reflection).
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technological commitment, namely, informatics and ergonomics. But the very idea
of mutual shaping as constituent of the relationship between humans and technology
is at the core of the general project of our team and is shared by all its members. We
are strongly committed to the view that thinking that introducing a new artefact will
solely have an augmentative/linear effect on users and their field of practices is an
unrealistic and naive view.

It is prescriptive by necessity as it aims at process improvement by (re)designing
situations where the importance of procedures, rules and good practices — be it
made explicit as scripts that guide action or embodied in the constraints imposed
on activities by the logics of a technological artefact or process — is significant.
For us, it is therefore clear that designing is prescribing. This prescriptive approach
seems, on the face of it, to sit uncomfortably with the informal, situated, emergent
dimension of work activities (e.g. francophone tradition of ergonomics and work
psychology and unorthodox trends in management sciences) (de Montmollin 1984).
We disagree. Prescribing is inherent to any engineering of situations of human
activities; the critical point here is not prescription per se, but the way it is informed
by empirical evidences and integrated in a participative approach that takes into
account the current practices as well as the capabilities of actors appropriate of these
implemented prescriptions in the field of work.

Finally, it has a direct concern with contemporary societal challenges. That is
why our scope of interest and action is now mainly focused on a restricted set of
application domains of significant social value: risk and crisis management (Matta
et al. 2012), social support and autonomy (Tixier and Lewkowicz 2011), collab-
orative sustainability (Cahier 2009), arrangement of informational and knowledge
layers in urban spaces (Cabhier et al. 2011; Soulier et al. 2011, 2012).

This global approach takes different but complementary faces:

— The naturalistic analysis of cooperative practices in different contexts. These
are mainly real situations, but occasionally experimental studies in ecologically
sound situations too, especially when there is a need to perform limited evalua-
tion of technology-mediated cooperation.

— The design of services to support cooperative practices. This idea is to ‘translate’
the results of the analysis and interpretation of outcomes from empirical studies.

— The design of technological models, architectures and platforms that provide an
infrastructure to support the design of cooperative services.

The building of this collective project has different implications. First, it requires
adhesion to a set of shared principles and values (see above) as a prerequisite
for team working. Second, it has a direct effect on the composition which, we
argue, must be intentionally heterogeneous. Comprehensive studies of practices
in complex settings at different levels of analysis require the intervention of
different competencies from human and social sciences (sociology, psychology,
linguistics, management science). Conversely, the instrumental dimension of the
project requires competencies in computer science and engineering (knowledge
engineering, web design, software engineering, etc.). Finally, taking critical societal
challenges seriously leads to the building of long-term relations with the different
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actors involved in the field of practice (associations, hospitals, etc.). This relation
of mutual trust is of course necessary to develop relevant technological support,
services and organisational solutions. It is also necessary when one wishes to be
able to perform an empirically informed follow-up and appraisal of the effects of
the introduction of an innovation in the field of activities. This is especially critical
when the analyst has to enter, for instance, the intimacy of a family (Budweg et al.
2012; Tixier et al. 2009), a community (Gaglio and Foli 2011) or a group of co-
workers in a tricky context (Palaci et al. 2012) over a long period of time.

9.2.2 General Context: The EUSSET Manifesto
and the ECSCW Community

The EUSSET Situated Computing manifesto (EUSSET 2012) provides a set of
analytic policies intended for promoting a new field of research that will be
distinctively identified and institutionally recognised in the years to come. Needless
to say, we embrace most of the statements expressed in this manifesto with a special
emphasis on the following points which resonate with our own practices:

— First, the manifesto stresses the need ‘to close the gap between purely technical
development on the one hand and “social impact” studies on the other’. From the
beginning we have attempted to overcome this limitation by associating human
and social scientists, computer scientists and engineers within joint projects
where each disciplinary community can develop its own research activity as
long as its members keep in mind that they are committed to the more global
objective of providing thinking, concepts, frameworks, methods, empirical data
and technical realisations (mock-ups, prototypes, simulation tools) to feed the
design process and the implementation of artefacts (technical and organisational)
with the aim of supporting human practices in the real world.

— Subsequently, we have attempted, since the birth of Tech-CICO, to simulta-
neously conduct a theoretical/empirical research program and a technological
research program (design-oriented effort). This implies, consistent with other
contributions to this book, interwoven breakthroughs in the design of new
computational environments and a scientific attempt to understanding the instru-
mentality of artefacts, informed by ‘in-depth analysis of complex practices’.

— The radical extension of the domain of activities under the scrutiny of CSCW
researchers has become more and more obvious for some years now (see, €.g.
the panel on the future of CSCW organised during the 2010 edition of the COOP
conference). As a matter of fact, historically devoted to the study of cooperation
in professional settings and to the design of systems (groupware, workflow, etc.)
that support those activities, CSCW has moved more and more outside of its
original domain of work so as to encompass such fields as the coordination of
activities at home, group education, collective cultural and leisure activities, non-
professional social interactions and communities of interest. Our involvement
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in fields like social support (Tixier et al. 2010), mobile social interaction
(Zouinar et al. 2010), creative and artistic thinking (Salembier and Legout 2012),
mediated interaction in diaspora communities (Atifi and Marcoccia 2003) and
sustainability (Cahier et al. 2008; Salembier et al. 2009) makes this enlargement
of CSCW’s initial scope a natural move for us.

— Finally, one of the major contributions of the EUSSET manifesto is its emphasis
on informal, highly distributed mechanisms that support the capture of context
and meaning as opposed to formal and mechanical models of semantic search.
This idea of keeping tracks of contextual features that embed manifest cooper-
ation and interaction finds an illustration in the works we have been doing for
many years now in the domains of semiotic ontologies (Zacklad 2005), multi-
viewpoint models (Cahier and Zacklad 2001), participative annotation of shared
resources (Merle et al. 2012), narrative account of project memories (Soulier and
Caussanel 2002) and collaborative translation (Lacour et al. 2013).

We believe these commitments to be emblematic of a joint set of interests evi-
denced in what we will call the situated computing/ECSCW community (although
we do not mean to imply they are not found elsewhere). They all share a common
twofold objective: (1) understanding (what we call theoretical-empirical dimension
of a research program), labelled as ‘intellectual project’ (Vienna University of
Technology, Multidisciplinary Design Group), ‘theoretical and epistemological
concerns’ (IT University of Copenhagen, GIRI) or ‘research challenge’ (University
of Siegen), and (2) designing technological and organisational artefacts for the
support of cooperative activities (what we refer as the technological dimension of a
research program).

Second, these approaches generally follow an action-research perspective which
highlights the interest of translating academic research into community problem-
solving strategies (Stokols 2006).* The idea behind action research here is to
promote sustained collaboration between different stakeholders (researchers, com-
munity members, policy makers) focused on a similar object of concern that entails
a scientific interest and societal issues and where actors integrate expertise drawn
from different disciplines and field experiences.

Third, they tend to restrict their scope of intervention to a limited more or less
select set of application domains of societal relevance: health care, community
support, social and ecological sustainability, ageing society, cross-cultural commu-
nication and gender studies to name a few.

“But in our opinion, this cannot be reduced to a mere ‘applied science’ perspective where outcomes
from academic research could be transferred and applied so as to manage problems of societal
concern in an uncritical way. Quite the opposite: it is the prerogative of the field to question findings
from scientific disciplines, giving new, sometimes unexpected, impetus to the study of phenomena
of theoretical and practical interest.
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9.3 An Interdisciplinary Research Program

9.3.1 A General Position: Cooperation as Participation
and Contribution

CSCW at large has been involved over many years with (1) the design and
evaluation of computing systems that can be seen as a technological reification
of prescriptive organisational artefacts (norms, procedures, scripts, good practices,
etc.) such as ERP and workflows or (2) the design and evaluation of systems that
support coordination by providing mutual awareness, shared context and alignment
of representations between actors and workers, and most of our research effort
can be labelled as an attempt to investigate the notion of cooperation from the
‘participation’ or ‘contribution’ point of view. That is, it provides a coherent and
principled conceptual approach to the problem of effective transformation.

The late modern world contains growing sets of situations in which different
actors, identified or unidentified, ratified or not, distributed in space and time,
contribute to a sometimes ill-defined collective goal, using most of the time low-
overhead web-based technologies. A prototypical example of this kind of situation
is the multiple Internet forums in which people exchange information, advice and
comment on various (and sometimes critical) concerns such as social support,
personal experience of disease, cultural interest, practical know-how in domestic
daily practices, professional wisdom and tricks, etc. Doing so, people participate
to a collective design that aims (more or less intentionally and in a more or
less controlled manner) at generating a bunch of perpetually dynamic collective
knowledge (and decisions) submitted to discussion, negotiation and sometimes
dismissal.

This endeavour finds a field of application in a variety of different profes-
sional settings, for example, programming language communities. This relatively
new phenomena gave rise to a convergence between professional networks with
restricted access (intranets) and widely open social networks. In the context of the
CSCW community, this convergence has been studied recently in different domains,
for example, crisis management (Reuter et al. 2012) and software engineering
communities (Bourguin et al. 2013).

This propensity to consider cooperation as a collective effort to contribute to
design led us to adopt structural or conjectural standpoints at the ontological,
epistemological and instrumental (design) levels.

9.3.2 Underlying Statements
9.3.2.1 Ethical and Ontological Levels
This orientation to a collaborative/contributive approach is partly determined by

contingent factors (commitment to particular fields of activities) and partly by
ethical considerations that orient to relevant theoretical objects (social support,
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presence, responsibility). Of course, a history of attention to the collaboration per
se can partly explain this orientation. For example, the delivery of patient-centred
care at home is made possible by the ability of caregivers (including professionals
from different disciplines and family members) to collaborate (Tixier et al. 2010).
Similarly, in the domain of sustainable development, the participation of citizens in
the debate related to ecological degradations is a critical point for escalating demand
for natural resources, energy consumption and so on (Cahier 2009). At the same
time, personal concerns and collective engagements in favour of the development
of collaborative policies and participative attitudes in the management of societal
issues have led many of us to choose to address these issues in their professional
activities as researchers and designers.’

Ontological should be understood in a modest or ‘weak’ sense. The purpose is
not to address the question of the very nature of cooperation® but to make explicit
that we put the emphasis on a particular dimension of cooperative activities. One
might say that the focus is more on the collaborative than on the coordinative facet
of cooperative practices, even though we do not dismiss the critical role played by
coordinative mechanisms. We are especially interested in the informal dimension
of coordination mechanisms, based on the building and continuous updating of
a mutual awareness, for example, and by the regulation mechanisms of mediated
conversations. For instance, in a forum, the intervention of an actor may have a direct
impact on the thread of a discussion seen as a jointly managed process, and it may
consequently require the intervention of other actors so as to regulate interventions
that threaten the more or less explicitly and mutually ratified desirable state of affair.

9.3.2.2 Epistemological Level

At a general level, our perspective is concerned with how communication, joint
actions and knowledge are collaboratively constructed, understood, negotiated and
maintained in a particular context of practice. Thus, following the traditional doxa
of normative epistemology, this general perspective must be refined and made more
explicit: it is necessary to define a set of relevant methods and analytic approaches
for empirically accounting for the theoretical objects and statements formulated at
the ontological level.

This multilevel frame can be divided in several layers of theoretical-empirical
analysis:

— At the micro level, fine-grained analysis of sequences of interaction is performed
according to the tradition of conversational analysis and interactionism. It enables

SLet us remind a trivial point: the relation between ethics and theory is always present in the
definition of a research program. It is not just a question of selecting or rejecting more or less
amenable fields of application: ethics orients (or should orient) the choice of theoretical objects
offered to the scrutiny of the researcher.

6See, for example Schmidt (2011).
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us, for example, to identify sequential structures and organisation of speech
acts that permit the achievement of a successful exchange in the context of a
cooperative episode. It makes it possible to identify informal, sometimes non-
explicit, rules of communication observed by actors (e.g. ad hoc communicative
contact). Similarly and when the constraints of the setting make it possible, an
emphasis is put on the phenomenological experience of the actor’s own activity.
This level of analysis gives us an opportunity to have an access to the fine-grained
detail of the pre-reflective thinking which might reveal dimensions of activity
such as emotion and the nature of experience (trust, well-being, stress) (Cahour
and Salembier 2012; Février et al. 2011; Lewkowicz et al. 2008).

— At an intermediate (meso) level, the activity of individuals is observed, recorded
and analysed in order to recompose the organisation of collective practices
(‘individual-collective’ approach). The basic idea here, in the tradition of fran-
cophone ergonomics (Salembier 2013; Schmidt et al. 2011) and partially in
micro-sociology of activity, is to give account to what is actually done by the
human agents, sometimes in reference/opposition/tension to what should be
done according to the organisational artefacts (rules, procedures), sometimes
for its own content (thus more and more activities are independent of any
organisational prescription). The emphasis put on these dimensions of activity
and the importance given to the meaning ascribed by the actor to his/her own
activity have a direct influence on the range of methods used by the analyst.
Besides the traditional approach, francophone work psychology and ergonomics
have developed a method that aims at articulating the manifest expression of
activity and retrospective verbal reports. This method, sometimes quoted as
‘self-confrontation interviews’ (Cahour et al. 2005), aims at showing a subject
a recording of his/her own activity in order to put him/her in the context of or
to re-enact a past experience. The goal is to collect verbal reports that may be
factual descriptions of the actions performed by the actor or general comments
that allow the analyst to give meaning to what has been done.

— At a more macro level, different relevant concepts (standards, rules, procedures,
processes, organisational routines, cultural communities, end-to-end manage-
ment, institutional and public policies, etc.) may be evoked in order to provide a
better understanding of higher-level organisational, social and cultural factors
that may shape the organisation and dynamics of collective practices in a
particular field of activities. This approach may be used at the level of a group, a
community or a network of actors.

9.3.2.3 Design Level

The technological side of our research program aims at making concrete reali-
sations of theoretical thinking and empirical data built together at the different
epistemological levels. The different perspectives/levels of analysis of the different
disciplines involved allow us to design from a rich and eclectic characterisation of
the activity to be instrumented. Combining methods coming from conversational
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analysis, psychology and sociology permits us to merge interviews with potential
end users and observations of both face-to-face and online practices (through email
or social media), helping us to get a deep analysis of existing cooperative situations
from which we can start designing and implementing pertinent services.

This implementation can serve different purposes:

— First, as expected in any user-centred approach, the results of the empirical
studies and theoretical/speculative thinking are expected to feed the design
process and to influence the designer’s decisions (depending on the level of
granularity of the empirical material; see above). Ultimately, the traditional
minimal objective is to design a service, an artefact or a device that hopefully
will be of some practical utility to a group or community of potential users in
the context of a societally relevant field of activity. But what we strive towards
here is to adopt a more integrative approach that aims at proposing an articulated
solution that includes technological media, a content and a set of organisational
principles compatible with the field of activities. The general idea is one of
what we call ‘engineering of situations’ of activities’. These situations can be of
different nature: from co-located dyadic interaction to large-scale sociotechnical
systems.

— Second, the objective is also to inform the organisation of the design process
(Dubois et al. 2006; Alaoui and Lewkowicz 2013), by providing intermediary
objects that are used as resources for promoting exchanges between the actors
(designers, users, stakeholders) involved in the project.

— Third, mock-ups and prototypes can be used as ‘heuristic probes’. The artefacts
provide opportunity for the academics to test theoretical hypothesis of interest in
the context of their own field of research in a semi-realistic way. For example,
an experimental forum can be used to study the effect of different factors on the
organisation of communication and the emergence of patterns of interaction.

— Fourth, the work done at the ontological and empirical levels is used to help
developing, enhancing or modifying a software infrastructure dedicated to the
collaborative representation and manipulation of data, contents and knowledge
(Cahier et al. 2013). Taking a biologically inspired metaphor, the idea here is that
design concerns should reflect ontological and epistemological statements not
only at the ‘phenotypic’ (services and interfaces) level but also at the ‘genotypic’
(infrastructure and architecture) level. This idea, according to which the adoption
of a specified underlying computing paradigm should lead to the implementation
and use of a dedicated infrastructure, is illustrated, for example, by the GIRI
initiative (Bardram et al. 2011) and by the ITSME project (DeMichelis and
Loregian 2009).

"Theureau characterised this orientation as ‘methodological situationism’ in order to contrast it
with ‘methodological collectivism’ and ‘methodological individualism’ as research strategies for
studying cognition in real-world settings (Theureau 2006).
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9.3.3 Usage, Services and Architecture

During the past 15 years, we have conducted empirical studies in a wide range
of professional and non-professional situations. These studies were opportunities
to apply, in a more or less integrated way, the elements of the frame described
above. Each project includes an empirical dimension where the analysis of a group
of actors’ current practices is performed using different methods: ethnographic
observations, activity analysis, free interviews and retrospective verbal reporting
based on different traces (writings, sketches, notes, automatic acquisition of actions
on a computer system and audio and video recordings). Similarly, these methods are
applied to the assessment of ‘situations of activity’ engineered in the project. This
empirical phase is an occasion for collective reflexive thinking on the nature of the
theoretical objects, concepts, descriptive and analytical categories and behavioural
markers tackled in the context of the study.

The outcomes of the data analysis are then used to inform the design of services
that are supposed to offer a solution to an aspect of a broader societal challenge.
As a recent evolution in our work, the design of these services is not ‘simply’®
seen as a purely applied enterprise of reifying empirically inspired elements into
technological and organisational artefacts. The notion of service here is considered
as an object of conceptual thinking that goes beyond its instrumental status (i.e. as
an integrated bunch of artefacts that fulfils a particular need and supports a specific
activity). From this point of view, service is an instrument of task and social shaping
but may also be considered as an interdisciplinary effort aiming at gathering and
organising a set of practical and theoretical knowledge, empirical methods and case
studies in order to enhance the performance of the service business and to extend
the capabilities of innovation.

Even though we manage to avoid the design of services as a repeated one-
shot process by considering service as an object worthy of conceptual thinking,
the capitalisation of experience gained on each design project remains a critical
problem. One solution to soften this possible limitation, and in the same time a
way to embed the general principles listed in the research program in a material
substrate, is to propose a software architecture or platform that can be used as an
infrastructure in every new project which aims at designing collaborative supports.
Different studies conducted at Tech-CICO since 2000 in the domain of collaborative
knowledge engineering gave birth to the notion of ‘socio-semantic web’ (Caussanel
et al. 2002) and to the hypertopic model (Zhou et al. 2006), seen as a semiformal
alternative to the formal approach of semantics promoted by the semantic web.
It aims at fostering participation among knowledge workers (Zhou et al. 2006).
Hypertopic was notably designed to overcome the limits of topic maps by enabling
the expression of different viewpoints on shared items. It was first implemented in
agorae, a ‘marketplace’ where different professions can describe a given catalogue

8 As everyone involved in this sort of translation knows, this is far from being simple.
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depending on their viewpoints. At the same time, a similar model was implemented
in Porphyry, a digital library system in which scholars could annotate documents
and confront their interpretations. Comparing both systems helped in defining a
protocol that could be used by these tools, by a core service (Argos), and by
other add-on utilities (Cassandre, LaSuli, Steatite). Hypertopic was successfully
used to manage multi-viewpoint catalogues built by citizens (sustainable develop-
ment projects, open-source software), educators and students (open courseware),
managers (telecom and aeronautics), mechanical engineers and researchers (social
scientists, open archive, UNESCO diaspora knowledge network).

9.4 An Illustration: Developing Online Social Support
Services

9.4.1 Context: The MISS Project

Social support involves giving advice, information and emotional, psychological
or material support to people experiencing difficult situations (disease, stress, loss
of work, etc.). It is often provided by relatives, friends, the family or trained
professionals (such as psychologists or social workers). However, a new trend has
been developing on the Internet during the last few years: social support is now
being provided by peers, who are neither relatives nor professionals, mostly on
Internet forums. In view of this emerging trend, it was proposed to define and apply
new principles for developing innovative online services to meet the current social
demand which has arisen.

The challenge here was to succeed in understanding and implementing an activity
(social support) which is difficult to describe. We started off by analysing the
specific needs of a group of people, the family caregivers of patients with memory
disorders (Alzheimer’s disease in most of the cases) in the Aube region (N-E of
France), where a dedicated health-care network named ‘Réseau Pdle Mémoire’
(RPM) was launched in 2001. It was therefore proposed to design a tool for family
caregivers that would be as intuitive as possible. It was assumed that the more we
keep in mind actual social support practices in designing our platform, the more
intuitive and user-friendly it will be for caregivers.

For this purpose, we carried out an ‘action-research’ approach in which several
analyses (conducted by researchers in sociology, conversational analysis and psy-
chology) were combined in order to design services and to define the appropriate
infrastructure to run these services.

9.4.2 The Interdisciplinary Design of Situations of Activity

We started by studying online social support practices to understand the factors
making online social support exchanges work. It led us to identify the efficient
patterns of interaction and therefore to define the main episodes of which online
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social support exchanges should consist, along with the corresponding functionali-
ties, which will form the core of the platform. For instance, the initial results of the
conversational analysis suggested that ‘asking a question’ and ‘sharing experience’
are important components. These results also showed that reciprocity is a key to
successful online social support exchanges and that information seeking and the
assessment of this information are an important feature.

In addition, to obtain detailed information about the actual social support
practices and the expectations of the group for whom we were designing the
platform, we observed face-to-face social practices while attending RPM support
groups for family caregivers.

To supplement these findings and ideas, we conducted semi-directive interviews
with the family caregivers participating in the support group meetings, facilitating
understanding of their day-to-day practices outside the monthly support group
meetings. Their description of the way they cope with their ailing relatives and
the burden they often feel is key to understanding their needs, which can be either
clearly expressed or more latent.

Observation and interviews confirmed some of the findings we had made on
analysing online social support exchanges and brought to light some new findings:
first, experience sharing is also identified as a key point by the caregivers them-
selves. What links the members of the support group together is their experience
of Alzheimer’s disease from the caregiver’s point of view, especially as they feel
no one else can understand what this experience is like unless they have been in a
similar situation; ‘If you have not been through it yourself, you cannot understand
what it involves’ was an expression which cropped up frequently in the interviews.
Second, the need for information was expressed very strongly. In fact, most of
the needs clearly expressed by the caregivers we met were related to information
seeking and information management. For instance, they were interested in tips and
advice, they would like to learn about the side effects of the patients’ medicine and
how to improve the patients’ well-being, and they would like to be given some
help with the paperwork they have to deal with. This gave rise to the idea that
the social support platform should include a section for exchanging documents
and information, structured in line with the categories of information listed above
(medicine, well-being and paperwork). Finally, reciprocity was again identified as
a key factor in social support; the caregivers clearly stated that they came to the
support group to talk about themselves as well as with other people.

These findings were used to inspire the design of the social support platform.
This does not mean that the results were translated directly one by one into
functionalities, as functionalities are complex combinations, and the models and
data on which they are based are often complex too. However, the results of our
analyses (e.g. the need for reciprocity) determined several design options, from
which we take four examples to illustrate our approach:

1. Reciprocity as a key to successful social support: This led the informatics
researchers to think about how to encourage reciprocity among the users of the
platform. This cannot be achieved by simply using a single ‘reciprocity function-



9 Analysing and Supporting Cooperative Practices: An Interdisciplinary Approach 183

ality’ nor is it possible to compel users to act in a reciprocal way. The idea was to
make people aware of each other’s contributions (messages) in order to multiply
the opportunities for reciprocity. By highlighting the number of requests that have
received few or no messages of support on the homepage and at the top of each
section, we can hope to encourage reciprocity. Providing users with ‘mail alert’
features that signal any messages they receive is another functionality which may
serve this purpose (it also helps people to stay in touch with the platform). In
addition, the platform provides a weekly and monthly digest, a kind of newsletter
helping members to be aware of the activity of the group.

2. The central role of informational support: What we learned by observing real-
life support groups, such as the fact that caregivers go there to learn more about
diseases and how to deal with patients’ day-to-day care and the fact that requests
for information are prominent on social support websites that led the informatics
researchers to include sections dedicated to exchanging information. The first
section is dedicated to document sharing and to online discussion facilities.
Users can read and upload interesting file documents or website links and have
the ability to organise documents around topics through keywords. The section
is bootstrapped with some of the domain literature like, for instance, patients’
associations and respite care services websites, socio-demographic studies about
family caregivers and document about memory disorders. The ‘discussions’
sidebar, which has its proper instance for each document, enables users to
comment, share their opinion and discuss the contents. The second section,
which is dedicated to questions and responses (Q&A), is based on a metaphorical
situation where users can ask other people questions via a one-line question text
field followed by a larger text field for giving details. The rules and norms
found to apply in situations involving the exchange of social support show how
relevant this choice of metaphor and these technical features are, since our users
are familiar with real-life situations of this kind, as compared with more abstract
metaphors such as those on which forums and chat rooms are often based.

3. The central role of experience sharing: The importance of accounts on personal
experience and stories in social support exchange has been emphasised both in
the online social support analysis (i.e. description or narration of the problem,
presentation of its negative consequences) and in the field analysis (i.e. caregivers
come to the support group to talk with other people but also to talk about
themselves). This led the informatics researchers to create a ‘story and experience
sharing’ section where a user can post a new topic and share his/her story. Other
users are enabled to post their personal stories under the same topic. The ‘story
sharing’ form has also been designed keeping in mind the reciprocity factor,
since it enables users to invite other people to share their experience on one topic
through email alerts. Inside a topic, stories are sorted by authors, and each of
them has a dedicated page to underline the personal dimension of such content.
Discussions on the topic can be performed through the discussions sidebar.

4. Tips and advice: The interviews with caregivers and the observation of the
support group meetings showed how important it is for family caregivers to be
able to exchange tips and advice. The relevance of encouraging the exchange
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of good daily caregiving practices is based not only on the participants’ own
practices but also on more formal information such as the training documents
provided by the health-care network that led the informatics researchers to define
a functionality enabling users to mark the contents of the platform (documents,
Q&A threads and members’ stories) as ‘useful tips’ in order to help them browse
easily among these precious contributions and retrieve them via a simple link.

To summarise, the data and results coming from the analyses conducted by
researchers in psychology, conversational analysis and sociology were discussed
with informatics researchers and not mechanically and simplistically translated into
functionalities. Moreover, thanks to the conversational analysis of online social
support exchanges, the medium into which social practices are being ‘translated’
is taken into account. Finally, the data taken from the interviews go beyond the
design of a platform. For instance, they question the role of health-related websites,
which are providing information to patients and by then change their relationships
with their practitioner. One can also mention the implementation of ‘respite care’
services which is a matter for the public health policy. This study is then included
into a broader process of intervention research.

9.4.3 Reflections

Dialogue between the social sciences and design is recognised as complex, and
the implementation of the proposed approach is no exception. At the end of the
second year of the research project described here, a collective return on the benefits
and limitations encountered in this interdisciplinary activity was synthesised by the
team. It was judged that cooperating in this project opened up exciting scientific
thinking as working around shared concepts (i.e. social support, reciprocity) seen in
the light of different disciplines, which then become boundary objects for research.
The state of the art on the mobilised theories and objects has therefore been enriched
by these interdisciplinary perspectives. Moreover, having to present his/her research
to researchers from other disciplines facilitated clarification and explicitation and
allows self-reflection on the limits of his/her own discipline.

With regard to the value of designing services on the part of human and
social scientists, we noticed that this type of project permits us to identify more
specifically the value of the human and social science research. Designing involves
moving analyses and results outside their natural territory, particularly during the
transition between describing the phenomena and prescribing the instrumentation
of the activity. This is, in and of itself, a valuable experience for social and human
researchers. In addition, the design can be seen as an opportunity to test research
hypotheses.

For the informatics researchers in charge of the design, working with human and
social scientists has permitted a better understanding of the activity and practices.
A rich corpus of elements for design was made available, and dialogue with the
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colleagues mastering theoretical frameworks and analytical material to make sense
of the activity has been a great help. Discussing how these elements have been
translated into the services has improved the computer-based application and the
understanding of the role of the tool for the designers.

However, the benefits of the interdisciplinary work itself was not seen as equal;
informatics researchers found inspiration and valuable insights for the design, while
the interest of human and social scientists for the computer-based application did
not appear to be so obvious. A limit exists between the objectives for each of the
researchers implied in the design project: designing a useful tool for practice —
that satisfies users — is actually a quite distant and secondary research issue for
sociology and conversational analysis. These disciplines are interested in describing
and understanding social phenomena and practices but arguably less in the practical
business of transformation. Building and deploying a tool, especially if it is
supposed to be innovative and different from what may exist otherwise, disturb
the ‘natural’ framework of actual practices in the field and make the study of this
situation unattractive as it becomes local and specific. Unless being specifically
interested in phenomena such as the appropriation of technology by a group, as
it is the case for ergonomics or CSCW, the tool and its use are ultimately not much
of interest to our colleagues.

A possible solution would be to see design as an opportunity for social and
human researchers to theorise design choices in terms of potential effects in the field
in relation to, for instance, social and cultural capital. This way of working seems
promising but we were not able to work in this direction during this project. The
expectations and assumptions of social and human researchers were not perceived
or understood from the informatics side, while advancing the implementation of the
application through mock-ups finally gave the impression to social scientists that
the design was far away from them.

Each of the studies conducted during the MISS project is a research action
in itself. This work led to publications in each discipline communities and led
to questions that go beyond the issue of interdisciplinary design. Allowing the
dissemination of work in each discipline without manipulation of one by the other
appears to the participants as a prerequisite for cooperation between human and
social sciences and informatics.

Several lessons can be learned from this interdisciplinary design cooperation: (1)
more upstream work to identify and clarify the expectations of each stakeholder in
relation to the design project is important so that each can be more responsive to
the other and to some extent control the different interpretations that can be made
of large initial objectives such as ‘designing services to assist the social support
activity’. (2) Being able to open the design to social and human researchers and
to facilitate their participation is important. As such, we noticed that it is actually
more important than ever that a mock-up looks like a mock-up (Erickson 1995), i.e.
that it does not have the appearance of a finished product. In fact, the interactive
mock-ups that we built have not been a very effective medium for discussion. Thus,
the explanation of which has been translated, and the intended use seems to be
an important complement support to the mock-ups to foster dialogue and improve
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translations. (3) In the context of interdisciplinary work, managing the time which is
necessary for each of the disciplines to develop its analysis and its work is difficult
to reconcile and could surely be better planned in advance. Following a development
process with long iterations, as we did, devoting considerable time to studies during
the first year of the project and to finally begin the design and implementation
of a first prototype after two iterations may not be the best working solution. A
more rapid prototyping option, with short iterations, as advocated by agile methods,
would probably be more appropriate to facilitate the participation of all, giving a
faster pace in the project and creating earlier links with the effective use of the
system in the field.

Eventually, the MISS project we have reported here can be seen as the first step
towards what Stokols (2006), in line with Kurt Lewin’s analysis, conceptualised
as a transdisciplinary action research, that is, an action research which entails
transdisciplinary research and inter-sectoral partnership involving academics and
representatives of community sectors. More precisely, Stokols mentions three
types of collaboration in the context of a transdisciplinary action research: (1)
collaboration among scholars from different disciplines; (2) collaboration among
researchers and community practitioners; and (3) collaboration among agencies,
organisations, institutions and communities. The MISS project is obviously an
illustration of collaboration of the two first kinds, even though in our case we find
more appropriate to speak about interdisciplinary than transdisciplinary research.

9.5 Conclusion

In this chapter, we briefly presented an approach that aims at conducting a research
program that entails simultaneously a theoretical-empirical and a technological
dimension. On one side the objective of this program is to contribute to the
understanding of the socio-cognitive phenomena that underpins cooperation and
collaboration in context. On the other side, it aims at contributing to a sustainable
development of society by designing services that fulfil societal needs in a selected
set of domains (risk and crisis management, social support for the disabled and the
elderly, ecological sustainability and energy savings). As such, it can therefore be
seen as a local contribution to a more general CSCW research program as depicted
by Schmidt and Bannon (2013).

Applying such an approach is not always an easy nor a comfortable posture.
As already pointed by other authors (Wulf et al. 2011), it is a continuous struggle
to maintain a balance between contradictory stakes: short-term effective transfor-
mation of situations of activity and long-term immersion in real-world fields of
cooperative practice, requirements from orthodox criteria of academic research
and the distinctive features of the action-research approach and multidisciplinary
investigation of transversal objects of shared interest and disciplinary-oriented
valorisation of results.
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Moreover, from an epistemological point of view, the real nature of the research
program is highly problematic per se. First, if one considers the traditional definition
of a research program (e.g. as defined in the tradition of Lakatos), it is obvious that
our program starts from the traditional requirements: the definition of a strong core
of hypotheses does not cope very well with the plurality of sometimes conflicting
points of view applied to a single object. Similarly, the pragmatic use of theories
seen as a toolbox to inform, inspire, anchor and design purposes/objectives may
appear slightly suspect to the finicky.’

This can raise difficulties inside the team itself. The multiplication of ontological
hypothesis inherited from different research traditions may eventually lead to ten-
sions into the analytical scope. For example, psychologists may consider that each
individual mentally constructs the world of experience through internal cognitive
processes, while sociologists may favour a non-mentalist approach focused on social
explanations of actions. Similarly, linguists may only consider interaction between
agents rather than what occurs at individual level.

The fact is that until now, our approach is more a joint enterprise that aims
at understanding a common object (cooperation) and (for some of us) designing
situations of collective activity based on this plural rather than shared understanding.
The multiplication of viewpoints obviously favours theoretical confrontation and is
therefore an opportunity to enrich the design options. But it does not necessarily
lead to substantial progress in the mutual elaboration of a body of knowledge
in the context of a traditional research program, let alone the constitution of a
transdisciplinary research which would ultimately aim at creating a new disciplinary
field.

The risk here is to generate a sort of alliance of convenience that can be seen as
a mutual instrumentalisation between human and social sciences on one side and
informatics on the other side: informatics may use human and social sciences to
inform the design in a more or less controlled way, and human and social sciences
may utilise informatics to create artefacts that will allow them to explore phenomena
of interest for their own purpose. A concerted commitment to design may not
ultimately be realised. This issue is not new. Most research groups engaged in
interdisciplinary work have to deal with it, and a huge amount of literature is devoted
to this particular point. In the CSCW community, for example, since the seminal
work conducted by the Lancaster team on studying air traffic controllers’ practices
and designing artefacts to support these practices, this tricky articulation between
empirical data and design has been constantly questioned (see, e.g. Crabtree 2003;
Hughes et al. 1993). The Situated Computing manifesto itself stresses the necessity
to develop pluridisciplinary approaches to design but does not provide any method
to proceed. The challenge remains still open to the EUSSET community.

9This point opens a traditionally much debated question: does design require any theoretical
foundations to fulfil its instrumental goals? (see, e.g. Halverson 2002) in the context of CSCW).
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Chapter 10
Interaction Design at Itsme

Giorgio De Michelis

10.1 Introduction

After a 1 year long preparation, at April 1st 2008, we had the kickoff meeting of
itsme, a project with the ambition of designing and building an innovative front end
of Linux for workstations (De Michelis et al. 2009). The idea behind our project
was to go beyond the desktop metaphor shaping all existing operating systems for
workstations (Windows, MAC OS, Linux versions like Ubuntu, etc.) to create a new
system able to support the context awareness of its users.

Our project is still ongoing (after a radical stop, due to the end of the consumption
of the first round collected investment, we have slowly restarted to work in a two
persons’ team, and we have completed in these days a first running prototype
exhibiting the main features of our system, and we are now planning to show it
to a new group of investors, to move toward the market), but it makes sense, I think,
to reflect and to discuss with a sensible audience what we have learned about how it
is possible to design a radical innovation in a crucial sector of ICT, where there is a
“de facto” standard and billions of people use it all over the world.

The issue I want to bring to the attention of the readers in this paper is how we
designed itsme, with a particular attention on how we inflected interaction design in
the process and on how we tried to interact with and get feedbacks from the users
even before they could test and evaluate our system. We have used in our project
unconventional versions of interaction and participatory design, but we did it paying
a constant attention on how we were working, and therefore, we learned a lot on
design of systems for the general public like an operating system for workstation (or
its front end). Our attention on how we were designing was motivated, not only by
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my academic interest on design but also and mainly by my awareness that designing
a successful innovation, capable to substitute a widely diffused standard, needs a
maximum of cure.

The paper is organized as follows: first, we shortly recall how we arrived to
decide to try to design a radically innovative front end for the operating system
of workstations, and then we discuss the main steps in our project. We will survey
in particular: the composition of the itsme concept, the move from the concept to the
software architecture, the interaction with the users, and the changes of the concept
we did while design was still ongoing.

The last section will be dedicated to a discussion of our view on the couple
“innovation-continuity,” showing that, paradoxically, disruptiveness softens the
opposition between them.

10.2 Beyond the Desktop Metaphor

In 1984, Apple, inspired by Alto and Star workstations of Xerox, presented Macin-
tosh (in short, Mac) its innovative personal computer. The Mac had a great impact
on the market and greater one on the companies producing personal computers
and/or their operating systems, defining a “de facto” standard characterizing the
features of all the workstations that would be offered on the IT market in the
future. Graphic interfaces, mouse, windows, and icons can be considered the
most innovative features characterizing the Mac, but what is mostly relevant is
that all those features shaped the interaction with the machine on the basis of
a simple and intuitive metaphor. As proposed by the Xerox PARC researchers,
the workstation interface is based, in fact, on the “desktop metaphor” (Kay
1977), i.e., a replica of the surface on which users work: a plane supporting and
containing several distinctive tools, documents, and objects of different types, a
hierarchy of folders, a trash basket, etc. The success of the desktop metaphor stems
from its ability to reproduce the arrangement of tangible things: if the personal
computer is a multifunctional machine allowing to perform several distinct tasks,
then users can easily do their tasks on it in the same way as they do on their
desktops, without needing specific training and, even, without looking at their
manuals.

As we have recalled above, in few years, all workstations adopted the same
approach for their interfaces (Windows1 appeared at the end of 1985 with a limited
success, but Windows2 that appeared at the end of 1987 gained in short time
an immense popularity and a great share of the market), making the “desktop
metaphor” the “de facto” standard for personal computers. However, the techno-
logical evolution of workstations after 1984 (always larger internal disks, e-mail
becoming a universal medium, the World Wide Web with its growing information,
services, and social interaction) has dramatically increased the number of tasks
supported by PCs, adding, in particular, content and information management tasks
to those that were already supported, and the digital contents and information
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accessible to their users grew even more rapidly (Eppler and Mengis 2006). Oper-
ating systems for workstations have tried to accompany these changes increasing
the number of their functions and services, but this has made them always more
complicated and difficult to use, while users have slightly changed their way of using
personal computers in directions that are always more distant from their original
nature of multitasking tools.

Surveying a literature dating back up to the early 1990s, Victor Kaptelinin and
Mary Czerwinski, the editors of Beyond the Desktop Metaphor (2007), sum up
that “the development of desktop systems over the last two decades has revealed
limitations of the desktop metaphor. In particular, the metaphor does not provide
adequate support for the access to information objects along with the display
of the content of those objects, multitasking, dealing with multiple information
hierarchies, communication and collaboration, and coordinated use of multiple
technologies.” (ibidem, 6).

It is difficult to dispute the above claim, since, even as users, most of us (I imagine
to share with my readers a life of “knowledge worker”') have experienced the
limits listed there. The authors of the above quoted book continue their intellectual
exercise giving form to what should substitute the current organization of personal
computers claiming that metaphors themselves are inadequate for driving the design
of new ways of interacting with digital devices and content (Freeman and Gelernter
2007, 23; “We prefer to approach software design not by metaphorics but by
Nelson’s concept of virtuality”). The limitations of the desktop metaphor appear
to them as due to the increasing number of tasks supported by present-day personal
computers, in particular on the content management side and to their inability to
deal with the social dimension of human tasks.

When, on my side, in 2007, I begun to think how the limits of the desktop
metaphor could be overcome, I agreed with the above critiques, but I was convinced
that I needed also to go beyond the task-based view of personal computers to better
capture what was happening in their use: users, more specifically some users, in
fact, were changing what they were asking to ICT, from being supported in a large
variety of tasks related with information management to having a companion in all
the circumstances of their life. Instead of abandoning “metaphorics” for “virtuality,”
I tried, therefore, to look for a new metaphor capturing the changes undergoing in
the way people use their PCs.

The distinction of some PC users among all that I did in the previous claim
should not surprise the reader: in accordance with what has happened with other
technological products (from pens to cars), becoming a universally usable machine
has induced a differentiation process among its users. Even if a serious analysis
of the emerging profiles of PC users has not yet been accomplished, we can recall
that, today, users of personal computers encompass, on the one side, those using it,
almost exclusively, to Skype with other people and for other simple tasks (e.g., the
parents of sons and/or daughters studying away from home), on the other, people
who are progressively becoming unable to do anything without the support of their

'In the next pages, we will come back to knowledge workers.
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personal computer (e.g., knowledge workers). Without spending further words on
the emergence of different user profiles, let us concentrate our attention on the
people for which the PC is an unavoidable tool and on the way they use it.

As I have said above, I am thinking of active knowledge workers,? who are
engaged in a variety of endeavors where they concur to create new knowledge
and to publicize it in (multimedia) documents: for all of them, personal computers
have become unavoidable, but always more inefficient, tools. The fact that today’s
personal computers contain a relevant part of the content and information they
need and the tools for navigating and manipulating it, as well as almost all the
knowledge they create (in the form of messages, posts, and multimedia documents)
and the tools for creating it, modifies the way knowledge workers interact with their
personal computers. It is not, generally, a matter of being supported in managing
information, since searching, classifying, creating folders, etc., are time consuming
and distracting tasks, with respect to the practice triggering them: what users want
and need is having ready at hands, on the screen of their personal computer, all
what is relevant for what they are currently doing. Combining the management of
information with the execution of tasks, in fact, the way knowledge workers use
their PC, is radically changing: most of them switch it on, as soon as they reach
their workplace, because it has become an extension of their capability of acting
and interacting, since, in most situations, only in accessing the information stored
in the PC can they perform effectively. But while the task-oriented organization
of their personal computers asks them to retrieve the content, using more or less
sophisticated searching mechanisms, they need it immediately “present at hand,”
without distractions and losses of time. We, CSCW researchers and practitioners,
know what this change in perspective means, because we have studied it from
the very beginning of our common endeavor: recognizing the situatedness of our
action and interaction in a context that is not only spatial and temporal, but,
most importantly, social.® When we say that human action and interaction are
situated in a context, in fact, we may refer to diverse dimensions of it: spatial
context (where a person affects what she can do), femporal context (time is deeply
affecting and/or conditioning what a person does), and, finally, social context
(the people participating in a common experience share knowledge of their past,

ZKnowledge workers (Blackler et al. 1993) have emerged as the most important category of
workers within offices in the last 30 years. In the preface to Knowledge workers in the Information
Society, Mosco and McKercher (2007) recall three main definitions of knowledge work. The first
one, and most narrow, considers knowledge work any practice involving “the direct manipulation of
symbols to create an original knowledge product or to add obvious value to an existing one.” The
second that extends sensibly the previous one considers knowledge work any practice involving
the management and distribution of information. The third that is the broadest one considers
knowledge work any practice involved in “the chain of producing and distributing knowledge
products.” People doing knowledge work under the broadest of these definitions correspond to
our profile of PC users.

3Situatedness has been one major theme of research in CSCW from its very beginning. Without
any aim of completeness, we can remember: Suchman 2007; Agostini et al. 1996; Schmidt 2002;
De Michelis, Chap. 5, this book.
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mutual commitments, and their potential for action and interaction). The social
dimension of context is what matters in these pages, since it permeates any action
and interaction of a person, imposing him/her to go beyond their tasks.

Without deepening the discussion on situatedness, I spend few lines for dis-
cussing the systems allowing people participating in common experiences to share
knowledge. Early groupware systems — from the Coordinator (Winograd and Flores
1986) to Notes (Kawell et al. 1988) and beyond (e.g., Google Wave (Siegler 2009)
and Google+ (Sanjay Kairam et al. 2012)) — cannot fully solve the situatedness
problem, since they create and rely on spaces for collaboration among different users
that are separate from their individual workspaces. Services like shared calendars
and spaces, document management systems, networked repositories, co-browsing
tools, and chats have all enriched what workstations offer to users, but none of them
is able to take into account how the social experiences people are sharing influence
their individual experiences, enriching and/or affecting them. This is visible only
if we take into account that social contexts appear different from the viewpoints
of their diverse individual participants, i.e., if we deal with them at the diverse
individual workplaces of their participants.

It is the consideration of situatedness, or, in other words, context awareness, from
an individual viewpoint, the issue that guided me toward inventing a new front end
of a personal computer or, more precisely, of its operating system (called itsme).
There is a growing evidence that the complexity users meet when trying to get rid of
the large amount of objects stored in folders is not purely quantitative, since users
at any moment need to access only those documents that constitute the pragmatic
and semantic context of their current focus of attention. They have no ways to
select what interests them in a given moment among all their objects. The context
awareness provided by current workstations, let me repeat it here, is limited and
partial: productivity tools (even if collected in suites) still have supremacy over the
usage context of their objects, and, moreover, there is a clear-cut separation between
them and communication and/or Web browsing packages, not allowing to organize
all objects on the basis of their usage context.

10.3 The Itsme Project

The starting point of the itsme project has been the discovery that going beyond a
task-based organization of ICT systems is not possible at the level of applications
that are distinct and function-oriented pieces of software. Context awareness is
not something users need while they are working with specific applications: on
the contrary, they need it, irrespectively of the application they use, to articulate
their work in relation with other people, to organize themselves, to access relevant
pieces of knowledge, and to know what to do next. The services supporting context
awareness should glue all the applications a person is using, so that all and only the
knowledge related to a context are accessible altogether.
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We need, therefore, to modify existing operating systems embedding in them
context awareness services. This risks resulting in a greater complexity of work-
stations at the interface level, if we don’t change them in a radical way, applying
the simple rules governing contexts. As said in the previous section, contexts
continuously form.

In order to provide users with an integrated experience of the services we have
designed for context awareness in these years, we need to design a new (operating
system for) workstation where, abandoning the desktop metaphor, what a user does
is embedded in the context giving it sense.

Reflecting on the research done within the CSCW community, we conceived
a new metaphor for the “look and feel” of a workstation, namely, that of stories
and venues (please note the plural!). Everything users do is in the context of
one of the diverse stories they live with other people. Any of these stories has
created or imported during its evolution a large variety of things (digital and/or
physical objects of different types, people’s addresses, relevant URLs, exchanged
messages, etc.), and, to perform adequately within that story, users need to have
them, ready at hand, in a unique (physical and/or virtual, augmented) place, in a
unique venue.

This requires, on the one hand, that the system goes beyond the distribution
in different places of the things people need in their activities determined by the
applications currently installed in a workstation (the documents created by the
user are stored in the file system, the e-mail messages are inside the mail client,
their attachments are in a particular folder of the file system, the bookmarked Web
documents are elements of a list in the browser, etc.) putting them together.

On the other hand, stories are partially reflected in the threads generated by user
interactions.* A story can, therefore, be seen as a bunch of threads of interrelated
heterogeneous events (from the viewpoint of the applications supporting them: e-
mail and chat conversations, RSS feeds, posts in a social computing platform, etc.).
The creation and maintenance of the related venue can be straightforward and do
not need user intervention, but corrections and refinements, if we let the system keep
together its threads and add to a venue any new thread originating in it. By the way,
it has to be underlined that this does not require that all the interacting users have
workstations with the itsme operating system (i.e., based on the venues’ metaphor),
since itsme can locate objects in venues using only the information characterizing
threads.

*After the coordinator, presented by Fernando Flores and Terry Winograd in 1986 (Winograd
and Flores 1986), there has been a rich debate in the CSCW community following two different
directions: on the one side, Lucy Suchman (1993) discussed it for its unnatural forcing human
conversations within formalized patterns, allowing hierarchical control on it; on the other side,
several authors paid a growing attention to conversations as threads of communication events
underlining their switching among different media (Reder and Schwab 1988, 1990) and showing
their relevance, beyond their reduction to illocutionary acts (Bullen and Bennett 1990; Winograd
1994; De Michelis and Grasso 1994). After a period where attention on them declined, threads
have gained again attention with the Google Wave and Google+.
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In our previous research, we revisited the language/action perspective (De
Michelis and Grasso 1994) claiming the importance of threads, and these same
concepts are now the bases of the new metaphor we are proposing:

* A thread contributes to constitute a context and its venue.

* Venues aggregate threads and the related objects.

* New venues are created as new threads begin, either from scratch (i.e., by reacting
to an event) or spinning off existing ones (e.g., when the issue characterizing a
thread changes or multiplies).

» Users can modify venues sorting the objects they contain, merging or splitting
different venues, deleting them, and so on.

* Objects only exist within a venue or, when a venue has not yet been created, in
a special space, called /imbo, where all threads and objects not yet assigned to a
venue are stored.

* A thread, and/or an object, can be stored, through replicated references, in
several, diverse venues, if it contributes to constitute diverse contexts.

While the desktop metaphor does not preserve the individuality of different
contexts, meaning that users can handle objects related to different contexts at the
same time, in the venues’ metaphor at any time, only one venue is open in front of
the user. All venues are contained in the “ home,” where the user is brought when
he/she switches on: the home is where he/she can browse all his/her venues and
open any of them.

In itsme, I can, with few clicks, create a venue for each of my stories and manage
them (with no constraints: I can create few — up to zero — or many stories, small or
big stories; I can create them early or later, when they are well consolidated leaving
the relative threads in the limbo; I can split a story in two, or merge two stories; I can
move an object or a thread between two venues; etc.). Venues are self-updating, even
if they are not “intelligent,” because itsme uses metadata to keep threads together.

A quick example may help to put together the information presented above:
like most of my peers, my life is complicated, due to my many commitments and
engagements. During a typical working day, I switch from my lectures to the paper
I am writing with two colleagues, from the master thesis in which I am advisor to
a meeting of the foundation whose board I am a member of: all these are, in itsme
terms, stories. Whenever I do a switch between two stories, I need to quickly situate
myself in the new one, in order to be able to act and interact effectively in it: having
a venue for each of my stories lets me have all what I need ready at hand. Consider
the following case: while I am reading a paper, I receive a telephone call from my
colleague Giuseppe asking me if I have read the document he sent me. He needs
my comments, before going to the meeting where he will present his document.
I received his document some weeks ago, and I have a vague recollection of it: it
seems to me that I have read it, but I can’t remember if I have some written notes
on it or not. With itsme, I go to venue related with the story I share with Giuseppe,
and there, I find his document and, if they exist, my written notes on it, so that I can
almost immediately react to Giuseppe request; without itsme, I should search for
Giuseppe’s document and for my notes, if they exist, and it is not certain that this
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search will be straightforward. Itsme is not commenting Giuseppe’s document for
me, it is not doing my work, it only helps me to concentrate on my work without
spending time in searching and recollecting!

Technically speaking, the starting point for itsme is the Linux operating system.
In fact, itsme is going to be deployed as a Linux distribution with a peculiar front
end that will exploit a set of characteristic services. Its novel graphical user interface
relying on and illustrating the relationships between objects that characterize venues
is supported by an intermediate stratus of software, allowing to associate to all the
objects stored in the file system metadata and links and to manage them. The use
of Linux will allow for the exploitation of all the available components, and itsme
will represent a radical innovation and carry a significant contribution (in terms
both of technology and of the presence of practitioners) to the existing community.
However, the affiliation of itsme to the open source scene goes beyond the adoption
of Linux development as a platform: one of the slogans with which the itsme concept
has been demonstrated is let’s team up, meaning that the involvement of people
in the project is perceived to be essential. This idea basically translates to three
aspects:

1. The constitution of a community following and providing directions for the
project, implementing a form of participatory design; a great effort is being
put in creating a “real-life” community of people meeting each other (through
seminars and participation in public events), and also some of the so-called
Web 2.0 services, such as social network sites, are being employed to make the
community constantly grow and live.

2. The search for contributions from outside the company: new ideas, concepts,
visual design components, and code. Community members are also being
involved in the evaluation of ideas and the validation of design products.

3. Community members are helping us to generate hype on what we are doing
and on the (long disregarded) issues that we are trying to solve. People are
helping us to create the market before the real workstation is ready to be sold.
In this way, itsme candidates itself to be the fulcrum for the innovation in
consumer applications such as productivity tools and Web-based and e-mail-
based applications.

The development of itsme has been carried on, up to now, in two phases. In the
first one (2008-2011), a design and development team of almost 15 people worked
full time on the itsme prototype. In 2011, the resources granted to itsme by its
business angels came to an end, but the new resources we expected from private
(venture capital) and public funding did not show up against our expectations. The
project group was dissolved, and it started a new phase (2011-now) where the
project continued with the aim to complete the first prototype release of itsme, even
if I could only rely on one part-time developer (who was part of the team working
on itsme during the first phase) and some students. The prototype, with an improved
interface, has been completed in February 2014 together with a new release of the
concept manual, and we make reference to the latter in our description of the system.
We plan now to show the prototype to potential investors, to get new resources for
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the final steps toward the delivery of itsme to the market. During this third phase,
we will reanimate the community supporting our project providing to its members a
way to access and test the prototype. In this way, the development of the full version
of itsme will reflect their critiques and suggestions.

10.4 The Team

The team engaged in the first phase of the itsme project merits some words. Besides
me, there were 16 young people with different professional backgrounds: almost
one half of them were software specialists, and their role was mainly to design
and develop the software; 5 people were industrial and/or graphical designers,
and their role was both interaction and interface design; the rest had different
backgrounds (philosophy, business design, communication) and were managing the
communication of the project (website, presence at fairs, relationships with the
press, etc.). I paid a great cure to create out of them a well-amalgamated team,
so that each of them felt to fully participate in the creation of an innovative piece of
software with a potential great impact on the ICT sector. I tried to get this through
different means: frequent meetings of the whole team to discuss design choices at
any level, mixing people with different backgrounds in the small groups dealing with
specific tasks or responsibilities, and seminars dedicated to reflect on the difficulties
and risks of innovation design. Seminars have been dedicated to issues like how
to find a balance between innovation and continuity, so that people who already
use existing personal computers can move to itsme without effort, being prepared
to redo all what we have done up to a certain moment, or a large part of it, when
we discover that better choices are possible. They played a big role in creating an
identity in the team.

I tried also to keep the team as open as possible, letting its members to participate
in meeting with external people from the business, the technical and the design field,
and constantly inviting them to discuss what they are doing with any person showing
interest in the project.

Openness of the team is the first step toward being able to listen to users whenever
it is possible. And users have been a constant concern during our project.

10.5 The Concept

When we did the kickoff meeting, at April 1st 2008, I had a clear idea of the “stories
and venues” metaphor and of what itsme should be, but most of the team didn’t
know so much about it: they had only the vague idea of the new system they got
from their conversations with me before being enrolled in the project. We decided
to begin our work in accordance with two guidelines: (1) we wanted to adopt what
could be considered, at best, an interaction design approach (De Michelis 2003),
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and (2) apart from the generic features of the system we had to design and develop
(a Linux-based front end, the “stories and venues” metaphor, a system together with
the services users could need for adopting it easily), nothing was fixed.

In few months, we came out with the first thing of our project: the concept
manual. It was a rich description of the “look and feel” of the system and of the
main features’ characterizing it: the venues, the transit, the limbo, etc.

The effort we did for writing the first version of the concept manual involved
mainly the designers of the team, but it was constantly widespread in the whole
team, so that the concept became the document around which the object of design
of our team was being created and shared and our communication policy was
taking form. After the concept manual, we moved quickly away from the open
brainstorming phase, to pass to a more focused design phase, where all what we
did was put in relation with the concept. In particular, the concept was of paramount
importance for both the first user participation phase and the design of the specs of
the software we had to develop.

Our design process aimed at transposing the conceptual framework of itsme into
proper design requirements and specifications for the operating system. It has to
be underlined that the concept manual of itsme is not a full specification of the
system, but the definition of what we are designing. The concept is continuously
evolving in parallel with the design and development of the system without a
strong alignment between them: in some sense, the differences between the concept
and the system testify a design tension always present in the team and grant its
openness to changes. The design activity has alternated phases dedicated to the
investigation and development of specific design topics with phases dedicated to the
refinement of itsme conceptual framework and assumptions and to the exploration
of technical requirements and implications. More in detail, the process has followed
a macro plan, starting with a problem setting phase, followed by the definition
of an interaction design model and the exploration of interaction paradigms and
a preliminary graphical user interface through schematic representations, to achieve
a detailed design of the look and feel of the itsme visual interface. Given the
complexity of the general task, the process has continuously evolved and adapted: a
number of micro-activities and workshops involving both the design team, potential
users, and the community of interest and stakeholders were organized in relation to
the emergent needs.

From an interaction design perspective, itsme can be defined as a dynamic,
adaptive, and supportive system whose dialogical qualities are emerging in relation
to the interaction with, and by, its users.

While supporting the users in the creation and sedimentation of their personal
stories, itsme manifests its own identity, acting more as a partner than as a tool,
providing to the user both the context and the rationale for the management of
documents, applications, and resources.

SWe will give more details on the features of itsme in the next section.
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Fig. 10.1 The itsme interface architecture

From a structural point of view (Fig. 10.1), the interface of itsme is a continuous
space where the x and y axes correspond to the visualization area of the screen,
while the z axis corresponds to a timeline. Venues are automatically placed along
the time axis, following their chronological order, but can be freely organized by the
user on the screen surface that, as a sort of digital trompe-1’oeil, displays recent and
active venues.

The home (Fig. 10.2) of itsme is, therefore, populated by the venues. In the home,
venues may have two representations (Fig. 10.3): one, highly synthetic, is a stylized
symbol with the short name and a number, indicating how many new objects are
present in the venue, while the other, more detailed, indicates also, for each type of
objects, the number of items and of new items contained in the venue. In the home,
like in any other visualization of itsme, in the upper right angle, there is a button
with a “plus” symbol, for the creation of a new venue.

From the interaction and interface point of view, venues represent the main
contexts for personal information and content management: as said above, a venue
(Fig. 10.4) is the place where the user finds all what is relevant within one of
his/her stories and can manage his/her personal information and communication
flow within it.

Within a venue, there are different channels, each represented by a specific tab.
Each channel is both a way to easily access a specific category of objects and to
quickly create new objects in that category: messages contains e-mails and chats,
documents contains editable files, and media contains audio-visual read-only files.
The right part of the venue contains the resources in use in the related story: people,
Web resources, and applications. One of the main features within a venue, based on



Fig. 10.3 More about the itsme home
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Fig. 10.4 A venue

the use of metadata, is the visualization of the correlations between different files
activating a “highlight” mode that, starting from a specific object (e.g., an e-mail
message), shows the whole thread containing it (e.g., the whole conversation, all
its attachments, and the contacts to all the people participating in it as senders or
recipients).

As underlined in Fig. 10.1, the frame surrounding what is displayed on the screen
plays a relevant role from the interaction viewpoint.

Its vertical bars contain some sliding menus (Fig. 10.4). Those at the right bar
allow a direct access to all the resources of the workstations: contacts, shared
resource and web resources, and, finally, applications. More in detail:

— The contacts menu allows the access to the whole address book of the worksta-
tion.

— The shared resources menu allows access to both the mail (i.e., a standard e-mail
client for Linux) and the agenda of the workstation (Fig. 10.5).

— The Web resources menu allows access to all the bookmarked informative
resources.

— The applications menu allows access to all, local and remote, applications.

On the other hand, at the left bar, there are two sliding menus: transit and limbo:

— The transit menu allows the access to a buffer containing all the objects that are
waiting for being located in a venue. There is a time limit for the permanence of
these documents in the transit, after which they are moved to the limbo.

— The limbo menu allows the access to a space (resembling a venue) containing all
those objects that are not located in a venue, i.e., that do not belong to a story, yet.
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Fig. 10.5 The agenda of itsme

If and when a user has not yet created any venue, the limbo contains altogether
all the objects of the workstation, avoiding their distribution in diverse places as
with current operating systems (Fig. 10.6).

The two horizontal bars have been inspired by the interfaces characterizing most
browsers (e.g., Firefox and Chrome) today: the upper bar contains the visualized
venue, and the objects open in it; the lower one contains the home of itsme and the
open venues.

This means that, if three documents are contemporarily open in a venue
(Fig. 10.7), then they are also listed in the upper bar. If the user clicks on another
venue in the lower bar, then the display substitutes the previous venue and its open
documents with the newly selected one with its open documents, and the same does
on the upper bar.
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10.6 An Open Source System

All existing operating systems for workstations are based, as we said above, on
the desktop metaphor. But this is not the only thing that they share: in fact, they
share also a file system whose elements are just files of bits. But, for creating and
managing venues, we need a smart file system whose objects can be tagged and
linked, so that we can situate each of them in the right venue and we can browse
threads. Both the fact that we are developing a new operating system whose objects
are qualified by metadata and the fact that we want to develop it in collaboration
with the users, listening to their needs and desires and conversing with them on our
design choices, has brought us to choose the Linux operating system as the basis of
the system implementing the “stories and venues” metaphor. This choice has several
advantages: with respect to building a new operating system from scratch, it allows
to concentrate the effort on the front end of the system and on the layer connecting
it with the Linux core (whose role is allowing the creation and management of
metadata decorating objects) since its openness allows an easy development of new
features and functions on top of it; with respect to building it as an extension of a
proprietary operating system, it allows to keep the openness and interoperability
of our software at its maximum, granting to our users the capability to interact
with other people who are not using itsme and to develop it within the large open
source community, discussing within it all the issues arising from our design and
development process and trying to push innovation in Linux (e.g., augmenting its
file system with tags and links) and in its applications (e.g., office suites, interaction
protocols, etc.).

As it appears clearly in Fig. 10.8, the architecture of itsme consists of two layers
on top of Linux interconnected among them through a standard proxy: the user
interface (in orange) embedding the desktop metaphor and the smart extension of
Linux (in green) where the logic (the metadata and item managers, in particular),
making the Linux file system smarter (its files have tags and links), is the basis for
the interface (the event notifier and other modules necessary to react to events) being
able to put objects in the venues.

10.7 Users Before Usage

Once the concept manual was in our hands, even if we didn’t have any piece of soft-
ware visible, we decided to interact with potential users as soon as possible to verify
if what we had conceived was capable to meet their needs and desires. Moving from
the metaphor of “stories and venues” to the look and feel of itsme, we did not have,
in fact, any certainty neither that our discourse fitted with user needs and desires nor
that itsme could be considered a decent candidate for satisfying them. We started, in
those first months of work, to live the experience of being in a crystal bowl, detached
from the real world, where internal coherency of what we were doing could take
over dramatically on external valuation by the future (potential) users of the system.
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Fig. 10.8 The architecture of itsme

I want to stress here that listening to users was an urgent need for orienting our
design work, but also that there were no experiences that we could follow in order to
do it effectively: participatory design, in fact, approaches have never been adopted
for systems for the general public with the complexity of an operating system! Even
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if we adopted in some way the Apple approach (Isaacson 2011), sublimating the
personal experience of the designers themselves and of their relatives and friends,
enriched by the knowledge about cooperative work emerging from 20 years of
research in the CSCW field, we were absolutely aware that the radical innovation,
we wanted to bring forth, needed to rely on well-conducted experiments involving
real users.

We decided therefore to do a large (at least for our dimensions) experiment with
real people, representing a reasonable sample of our target users. With the help of
a team from the University of Siena, lead by Patrizia Marti, we prepared four short
videos presenting four users solving intricate problems with itsme: a journalist gath-
ers in a new venue all that she needs (papers, documents, Web resources, contacts,
etc.) to write an article; a researcher browses past venues for finding interesting
people for the workshop she is organizing and invites them; the owner of a travel
agency finds a previous plan of a trip to Norway to use it as the basis of a new one
and discusses it with colleagues and customers; a manager rearranges his agenda,
when one of his appointments is anticipated. After having seen one or more videos,
participants answered to a questionnaire that combined the evaluation of the poten-
tial utility of itsme with the explanation of it (Fig. 10.9). This evaluation was made
of two parts: on the one hand, participants selected a comment on the video in a
predefined set and on the other associated to it a word, to be immersed in a tag cloud.

The videos were shown to some hundreds of people, in two large Autumn events
in Italy: first, in Milano at SMAU (the largest ICT fair in Italy), where participants
were mostly young people passionate with technologies, and second, in Firenze
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Fig. 10.9 A screenshot of one of the videos
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at Creativity Festival (a big event on arts, design, hi-tech, and social animation),
where participants were mostly young creative people. Our sample was, therefore,
made of people well oriented with respect to innovation but with heterogeneous
backgrounds, being good representatives of what could be considered the target
of early adopters of itsme. The answers of the participants were quite positive
with respect to the “stories and venues” metaphor and gave us some interesting
indications about the reasons why they considered a system based on it useful that
confirmed the rationale of our project (among the most appreciated features of itsme,
having all what is relevant in a story in a venue, the time bar, the previewing system,
etc.). The tag cloud emerging from the survey underlined our intuition that stories
were a quite natural concept for looking to personal social experiences and that
navigating among stories was considered as a strong improvement with respect to
navigating among messages or documents. Both the participation in two large public
events with our stand and our t-shirts and the success of our testing experience gave
to the whole team a greater awareness of what we had to design and develop.

While the team was developing the prototype of itsme, always in order to get
new feedbacks from the users about its qualities, we decided to develop, in parallel, a
Web-based emulator of it. It was a Web platform providing to its users a personalized
space where all the actions and interactions constituting a story were put together.
Its interface was replicating the design we had defined for itsme, and we thought
that it allowed users to experience partially how they can use a system supporting
their stories.

The first tests we did with the emulator were quite controversial, with severe
negative outcomes and few interesting, positive comments. The messages we got
were so strong that we did not go on with a larger experiment, and we immediately
reviewed our project on their basis.

The first mistake we did, presenting the emulator of itsme to some people (mainly
friends, already interested in our project), was to put them in front of a void system:
they could see the structure of venue, but there was not anything inside it. This
caused a dramatic paralysis in the users: they did not know what they had to do
but also what they could do. So, instead of getting responses about the usability of
venues, we got a strong negative feedback about its understandability. Reacting to
this unforeseen impasse, we filled the emulator with some generic content, and we
made some new experiments with users. This time, we had two different reactions:
users with ICT competence could understand what the emulator offered, at a meta
level (their behavior was in fact that of experimenting the potential for action
and interaction of venues, without any reference to what they need and desire in
their everyday life), but the same did not happen with users with no or little ICT
competence. Again, we had a very negative feedback: people did not understand
what the emulator of itsme was for. The reaction of non-ICT professional users to
the emulator needed an explanation: we found it in the fact that filling a venue with
generic content could not make visible to users what a venue was for — supporting
a story they are living — but looked like a generic aggregation of content and
services, whose sense was not clear. We decided, therefore, that the only way for
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presenting the emulator (and the same would become true for itsme, when ready
for a beta test) was offering to users the possibility to access a story, corresponding
to his/her habits, profession, and interests. We concentrated in professional stories
that seemed to us having some “typical” features that could be embedded in a self-
explaining story model: the main stories for general practitioners are those they live
with their patients; the main story of a designer is his/her projects; the main stories
of business angels are the start-ups on which they have invested; etc. We made,
therefore, together with Carla Simone and Federico Cabitza of the University of
Milano-Bicocca a study characterizing the care general practitioners give to their
patients in terms of cure stories (Cabitza et al. 2014). It was surprising as, seeing
the emulator embedding the stories of patients, even users not being in healthcare
domain seemed to understand what stories and venues were. This had a relevant
impact not only on the itsme emulator per se, as we will see later, but also on the
services supporting the adopters of itsme we planned.

Some of the people who tested the emulator considered it, per se, as an interesting
platform for Web services: when a service extends in time, they claimed its users
live it as a story, and giving them a place where they can manage it efficiently
may be an added value. These unexpected comments convinced us to start the
development of a platform for Web services, called itsociety, whose prototype had
positive evaluations.

It was a strong confirmation that our concept was opening a new perspective on
the use of ICT, not only a new interface for personal computers.

10.8 Continuity and Innovation

But the problems users encountered with the itsme emulator brought to our attention
a problem that we had not evaluated adequately. We were aware that, in order to
convince users of existing personal computers to move to machine equipped with
a radically new operating system, we needed to reduce the cost of this transition.
For this reason, we had already planned to develop, together with itsme, a service
supporting the transfer of their previous content to itsme. This service will grant
that all transferred files will find applications for managing them on itsme (take into
account that our system is Linux based) and will allow users to create their first
venues, if they want. But this is not enough. The question is more serious. Itsme
must be a system people can use without extra effort: this means that, when they
access it, they must immediately understand what they have in front, what they can
do, and, finally, how they can do what they want, even if what they want is doing
as before! It seems a paradoxical requirement: itsme must be, at the same time,
as any existing system and radically different from all of them. We can formulate
this problem in terms of continuity and innovation: the stronger the innovation of
your system, the stricter its continuity with respect to existing systems! We try to
face this challenge offering to users a front end where they can behave like on a
desktop, but they can also adopt venues, if they want and if they see that they offer
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better services. For this reason, what itsme does for all its users is creating a unique
space where all objects (of any type) and resources (from tools to people and to
information resources) are stored. Objects and resources related with a story can
be moved in a venue, when the user decides it (and from that moment, all what is
related with that venue goes directly to it). We are convinced that users, creating and
using one venue, will discover its effectiveness and appreciate its services, so that
they will move to venues more of their stories and of their content, but we avoid
to force them toward venues: in some sense, itsme is an open arena where the user
can choose among the desktop and the venues and any mix of the two. This choice
characterizes itsme as an open tool where different users may adopt different ways
of organizing their personal computers: they can choose when creating a venue (at
the very beginning of a story or when it has consolidated), how many venues they
create, conversely how much they leave in the limbo, how large is the span of a
venue, etc., and they can change any of their choice, whenever they want.

A second choice that we did toward making migration from existing personal
computers to itsme as smooth and easy as possible has been to use on itsme all
applications available on Linux. This choice has also a technical justification: our
software layers on top of Linux do not impact the applications, so that we need only
to wrap applications in our middleware, without modifying them, containing our
effort at software development, but have been reinforced and confirmed at the user
side. The user who moves from his/her machine to itsme is not requested to learn
to use new software packages, but he/she can continue to use the software he/she
was using before or something quite similar to it (we must take into account that, in
any case, if he/she must move from Mac OS or Windows to Linux, he/she finds an
application only that is similar to some of the most popular ones he/she was using
before).

It can also be interesting to recall that this choice convinced us to restart the
design of the prototype. The latter was almost ready, when we thought that the
choice of having light applications running on it, instead of some standard ones,
would be unable to offer a clear experience of working with itsme. We decided,
therefore, to restart our development with both a fully serviced suite of productivity
tools and an e-mail client: in this way, interacting with our prototype will be a
realistic example of what itsme will be and the user will be in the position to fully
understand how much we were able to grant a good combination of continuity and
innovation.

10.9 Conclusion: The Next Challenges

The prototype is currently ready, and we are now preparing ourselves to the next
steps. These will be devoted to make the important move from the prototype to the
system, even if in beta version. This requires evaluating the prototype to get clear
guidelines for improving its usability, developing the services needed to support
the transition to it by users of current personal computers, and, finally, defining
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a strategy for going to the market. Going to the market requires finding investors
and/or partners to package our system in such a way that its potential users (in
particular a first small group of them open to innovation) will be convinced to adopt
it: we will live even conversations of this type as a step of our design process,
because it will be a test-bed, from a particular angle, of the qualities of our system.

We move into this new phase of our project with an open mind and a lot of
curiosity and, also, with a reasonable confidence that what we have done up to now
has a value, but without any certainty that we will be successful.

We will get back with you after the beta test.
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Chapter 11
Building Socially Embedded Technologies:
Implications About Design

Federico Cabitza and Carla Simone

11.1 Motivations and Background(s)

It is something of an open secret that every now and then resonates with a tinge
of disgruntled resignation in the specialist literature of the last 30 years or so and
even more recently (e.g., Lyytinen and Robey 1999; Klein and Jiang 2001; Shapiro
2005; Pan et al. 2008; Warkentin et al. 2009): approximately half to two-thirds
(if not more, in critical domains like healthcare; see Heeks 2006) of information
systems (IS) projects fail. This fact strikes one even more in light of the almost
universal recognition that the practice of information systems development has
undergone a radical transformation in this period and has abandoned naive strictly
structured life cycle methods of development in favor of more flexible, dynamic,
and multidisciplinary approaches.'

Indeed, with the developing complexity of information systems, the tighter
coupling of their components, and the increasing opacity of internal functioning,
there is little wonder that a purposively contrarian theory like the “normal acci-
dent theory” by Perrow (1999) with respect to computer-supported organizations
(Szewczak and Snodgrass 2002, p. 64) and their infrequent but potentially harmful
technologically driven failures (see, e.g., Rochlin 1998; Ash et al. 2004) has
continued to provoke until recently (Weick 2004) by stating: “failures are normal.”

UIf this is true, one could argue that it is probably also because some principles and sensibilities
typical within the HCI, CSCW, and PD fields have so to say “trickled down” in the “consciousness”
of IT practitioners in the “real” world (cf., e.g., Shapiro 2005; Fitzpatrick and Ellingsen 2012).
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A known essayist has even quite provocatively argued around the conjecture that
digitizing (or informating) organizations and their work is of little or no use for their
competitiveness and performance or even worse has a potential to corrode existing
competitive advantages, for instance, by homogenizing complex business processes
(Carr 2004).

Of course, there is little comfort in being aware, especially in the EUSSET
community, that computing-related failures seem largely due to organizational and
social rather than technical factors (Pan et al. 2008; Kaplan and Harris-Salamone
2009). Yet, even framing what “success” really is, how to detect it and gauge
the extent a project is successful, can be seen as primarily a social and cultural
effort rather than a merely technical one (Wilson and Howcroft 2002; Thomas and
Fernandez 2008): different approaches can focus more either on quantitative and
economic indicators (e.g., DeLone and McLean 1992; Cooke-Davies 2002) or, at the
opposite extreme, on users’ perception and satisfaction (e.g., Myers 1995; Goodhue
and Thompson 1995).2

Irrespective of our peculiar inclination to consider typical information systems
as “good” or “bad” when such a computer-based system fails or, on a microscale,
exhibits a relevant failure, two possible conjectures are likely to emerge, related to
two opposite perspectives to the issue: what we denote as the Daedalus conjecture
and the Icarus conjecture from the famous myth of the first manned flying machine.
The former one is the attitude of who tends to speculate on users that misinterpreted
or misused the system, assuming that the machine’s design is proper and fit
for intended use assuming correct operating procedures (“feather wings were not
supposed to be used too close to the sun”). Conversely, the latter one is the attitude
of one who fingers poor design and claims a right to pursue objectives also beyond
the idea of “intended use,” which he/she considers to be usually shortsighted and to
limit real use excessively (“who the hell would employ mere wax to stick a pair of
wings together?””). Whatever the cause anyway, Icarus comes to a bad end.

In this chapter, we argue in favor of a third approach toward technology’s
shortcomings, which we will articulate in what follows to scrape it off of its outward
and possibly misleading nuances of provocativeness and end-unto-itself oddity: the
perspective according to which computing tools cannot be really defined “a priori”
and “in vitro” by someone external to their use, i.e., the “mighty designer,” but
only be iteratively constructed in the wet “mangle of practice” (Pickering 1995)
by end users themselves. We propose this perspective to try to go beyond both the
typical illuminist optimism of the “mighty designers” and the fatalistic attitudes of
technological Cassandras in tackling the so-called software development crisis: a
general condition that probably regards computer technology development since its
beginnings that has been explicitly debated since the end of the sixties and said to

This spectrum of utility evaluation seems to oscillate between the different stances of the
philosophers who tried first to understand how to gauge usefulness and satisfaction, Jeremy
Bentham and John Stuart Mill, respectively.
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have in those years primed the so-called “software engineering” field (Haigh 2010)
and its rational design-centered methods and methodologies to achieve IT success.

We like to characterize this approach in terms of a “contrarian and alternative
mythology” with respect to the mainstream, design-centered mythology that has
been dominant since the dawn of software engineering. We speak of mythology
after Harris and Henderson (1999), who make the point that “while our hardware
technology has improved by orders of magnitude, and our software has grown
comparably more complex, the relationship between people (individually or in
groups) and computers has only improved incrementally. In some cases, it has
even deteriorated” (p. 88, our emphasis). The authors address the reason why it
is so difficult “to translate [research insights] into comparable improvements in the
usability (and more generally, the social integration) of computers” by advocating
the adoption of a “better mythology for system design” in alternative to the standard
mythology. This latter encompasses a set of “myths™® summarized in what follows:

e The parts of the system must interact according to a preestablished harmony
defined during its design.

* The job of a designer is to discover, clarify, and when necessary invent the rules
that define that harmony and then embed them into the computer system.

* The users must interact with the system in terms of the language or ontology that
these rules create.

This mythology sustains the legitimacy of a process that is carried out by experts
(in IT design) with the participation of experts (in their own practices) in order to
represent and direct the unfolding of the production of computer-based information
systems in an orderly manner in the face of chaos (AA 2001). The main merit
of Harris and Henderson (1999) is to have shed light once again on some taken-
for-granted assumptions. This is also our aim. In fact, only when “the limited and
inaccurate perspective on work and technology imposed by the standard myths of
both organization and system design [have been recognized], we can start to search
for more effective approaches and write better myths around them” (ibid).

Although we also agree with the tenets Harris and Henderson (1999) proposed
within their “mythology for the long term” almost 15 years ago,* in our little alter-

3Here and in the following, the word myth is not opposed to any truth fact, but it is rather used as
synonym of “archetypical story” to indicate one possible stance, among many other ones as much
as legitimate and reasonable. On the other hand, we keep using the term mythology for its powerful
and evocative connotation, although probably the most indicated term would be “metanarrative,” in
the sense after Lyotard (1986), i.e., set of narratives that emphasize particular aspects of the practice
of IT development and that, in doing so, do not drive practice in any strong sense but rather tell it,
legitimate it, and “shape it by helping each participant construct and frame their account of their
practice” (Harris and Henderson 1999, p. 89).

4 Although the interested reader can refer to the original paper, we here summarize the main high-
level recommendations contained in the mythology proposed by Harris and Henderson (1999):
that we should i) honor every particularity, even those that do not fit the regularities imposed by the
organizational rules; ii) honor accommodation, i.e., the “ad hoc elaboration of rules in use”; and
iii) honor change, which is an intrinsic and unavoidable feature of a real world system.
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native mythology, we will go a step further by arguing around the idea that the very
conception of design that we are all well used to (and many of us also are fond of)
should be challenged and indeed conjectured to be one of the most decisive factors
leading to manifest failure.> A similar argument was put forward by Bryant (2000).

Our conjecture, while similar, limits itself to submitting that the main assumption
underlying the modern idea of design, i.e., that it is proper and safe to distinguish
between design and use, is too disconnected from practice, although it heavily
relies on representations of the latter, and it is nourished as the central element
of a reductionist framework where the process of system development is more or
less rationally phased down into subcomponents that are ontologically distinct and
where responsibilities are assigned on the basis of nominal competencies somehow
reified in terms of specialized roles.

We are not saying a rational and engineering approach is bad per se, but we
submit that it reflects conceptualizations of “what complex is” and “how to cope
with complexity” (Cabitza and Simone 2012c¢) that are based on widespread misun-
derstandings of the complexity theory (Paley and Eva 2011; Maguire and McKelvey
1999)% and hence can bring unsubstantiated expectations and convictions.’

Thus, however radical this point may seem, we will take it seriously in order to
justify the argument that such a conception (and the related professional activity)
is not really necessary to build any successful computational, material artifact with
which users have to interact to have their work done. We propose an alternative
approach that manages without formal or conceptual design by which, as discussed
in (Cabitza 2011), we contest the necessity and primacy of such kind of design in the
development of computational interactive applications and information systems that
are to be embedded in social cooperative settings. With “design,” we here denote
that specific phase of the larger development process in which professional analysts
meet some (or many) user representatives and/or their managers to draw more or less
formal models of how work is and should be accomplished (the “flow of work™) and
produce detailed specifications of the needs of the various stakeholders involved and
of how the computational system will support work to fulfill needs and expectations.
Thus, although we take the term to encompass business analysis, requirement
elicitation, conceptual modeling, process (re)design, specification formalization,

SWe will certainly not try to prove this conjecture, as we could never get over the causality fallacy
that such a proof would entail (i.e., post hoc, propter hoc).

SFor instance, Paley (2007) makes the point that many researches that declare a focus in complex
systems do actually refer to the open systems thinking, which between the 1960s and the 1980s
was aimed at replacing the Tayloristic organization-as-machine metaphor with the metaphor of
organization-as-organism; more curtly, Maguire and McKelvey (1999) assert that most of the
references to the complexity theory in the IT-oriented literature are not dissimilar from “mere
retellings of old tales, [which use] complexity terminology tacked on retrospectively, gratuitously,
and, in many cases, quite awkwardly.”

"Moreover, Ivan Tllich was among the first thinkers to denote a similar phenomenon as “principle
of (paradoxically) counterproductivity”: once most practices are institutionalized and engineered,
they backfire on some of the stakeholders (Illich 1977).
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and analysis, in what follows, we will use the general term “design” for brevity’s
sake. Other authors have cautioned against the fictional and ritualistic nature of this
activity (e.g., Robey and Markus 1984; Robinson and Bannon 1991; Nandhakumar
and Avison 1999). We contest the myths in which this ritual is considered necessary
(see also, e.g., Shipman and Marshall 1999) and substantially unquestionable (see
also Blackwell and Green 2008; Cabitza 2014a). Conversely, we will argue in favor
of alternative myths according to which all the layers pertaining to human-computer
interaction in the broadest sense — the model, the control, and the view — can
be realized by the composition of elementary components without any “rational”
design input and be put to work by end users alone, eventually (but not necessarily)
flanked by IT professionals that are explicitly called to play the role of catalysts of
a “reaction” that pertains to the dynamics of complex (socio-technical) systems in
situ (Cabitza et al. 2014a, b).

We are aware that also our argumentation encompasses some myths, the most
notable of which is that the “end user that can develop her own artifacts” somehow.
Moreover, this alternative “mythology” is not “new” or “original” in any strong
sense. It does however resonate with complementary recent discourses, as we shall
see. We present these ideas again as a contribution of the foundation of an alternative
way to build socially embedded systems.

The rest of chapter will be articulated as follows: in Sects. 11.2 and 11.3, we
will briefly gather suggestions from two distinct discourses on which to ground
our different mythologies: performativity thinking (see Sect. 11.2) will help us
reappraise the value for IT development of the subterranean river that connects many
influential thinkers from Nietzsche to Suchman and will provide us the conceptual
space to think of system development differently. The metaphor of the bricoleur (see
Sect. 11.3) will suggest to us a new strategy for building computer-based support
in the wild. This pathway will lead us toward an alternative proposal in Sect. 11.4
discussed further in Sects. 11.5 and 11.6. Section 11.7 will look at a research agenda
coherent with this alternative mythology for IT system development.

11.2 The Rediscovery of Performativity

Many things difficult to design prove easy to performance. (Samuel Johnson 1759)

In this section, we will first consider what we mean when we advocate that the
alternative mythology we are envisioning should produce a “performative turn” in
IT system development. Then, we will consider how the performative discourse
has already come into design-related mythologies, in order to highlight the specific
strand we aim to renovate with our proposal.



222 F. Cabitza and C. Simone
11.2.1 The Performative Turn

The expression “performative turn” is usually used to indicate two related aspects
that we nevertheless prefer to distinguish for clarity’s sake. On the one hand, it
indicates a historically circumscribed research program, which has received an
increasing interest in the last 15 years by researchers involved in cultural and
social studies, like the science and technology studies field (notably Pickering
and Latour) and related disciplines like ethnology, anthropology, sociology, and
linguistics; in this former case, the term “turn” indicates the aim of this research
endeavor to investigate an alternative way to look at how people interact, work, and
share knowledge in social settings with respect to more mainstream strands like the
pragmatic and realist paradigms, endorsing the claim that people create and recreate
meaning and knowledge in social settings through performance (Van House 2009)
and that even social reality itself is “created” while people “do things.” As Law and
Singleton (2003) put it:

The differences between realism and pragmatism are important, but neither share
the performative assumption that reality is brought into being in the process of
knowing. Or, to put it more precisely, neither would assume that the object that
is known and the subject that does the knowing are co-produced in the same
performance, or that the epistemological problem (what is true) and the ontological
question (what is) are both resolved (or not) in the same moment.

The performative approach shared the critique of systemic, fully specified, and
rationally conceived abstractions (e.g., with the nonrepresentational theorists®) and
drew on the metaphor® of “performance” to reflect “a growing discontent with
the traditional social sciences and their understanding of practices as texts or
representations of genuinely symbolic concepts,” to express “the reversion from
systems of representations to processes of practice and performance,” and to
focus on “the active social construction of reality rather than its representation”
(Dirksmeier and Helbrecht 2008).

In an attempt to summarize the recent, and quite protean, discourse about
performativity in two lines, after Bramming et al (2012), we highlight three
intertwined aspects: (i) reality is understood as incessant creation or practice;
(i) matter itself is understood as “entangled intra-relation”; and, of course, (iii)
individuals do not preexist their interactions in any essentialist, objectivistic sense.

There is a second connotation of the expression “performative turn” that we now
want to refer to. This latter, rather than a specific research program, can be better
characterized as a sort of “sensitivity to specificities of materially heterogeneous

81t should be noted though that *“a performative perspective does not delete the idea of representa-
tion, but rather views it as a specific aspect of performativity” (Jensen 2005), in that it focuses on
the activity of representing, planning, and modeling rather than on the material outcome of those
practices.

9Here and elsewhere, we use the term “metaphor in the Nietzschean sense, as something that is
used to impose order and intelligibility on a world that we cannot access directly.
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events with special reference to differences and relations between performances”
(Jensen 2002). This sensitivity has followed in the last century or so a peculiar
karstic trend: it has recurred a number of times by different authors of different
cultural milieus, and, although each time it was capable to gain a strong interest,
this was never sufficient to establish itself as the mainstream thought in any of those
milieus and somehow submerged until a next thinker contributed in its reappraisal.

In this sense, therefore, the idea of a “performative turn” evokes a more historical
attitude, which was exhibited by individuals that have deliberatively turned away
their focus from the allures of representationalism to embrace a more action-
oriented and embodied perspective. The term “turn” thus indicates the will to
reverse the ontological premises that the world is populated with particular objects,
entities, and configurations that exist in and of themselves and that are endowed
with particular essential qualities (Jensen 2002, p. 67) to consider objects, “not
singular entities, but rather textures of partially coherent and partially co-ordinated
performances” existing through multiple situated practices.

This sensitivity, or will, or discontent with representational/conceptual tenets
indicates a sort of “fil rouge” that binds together thinkers like Nietzsche, Heidegger,
Derrida, Pickering, and Latour'® and some relevant feminist theorists (Bath 2009;
Butler 1993) like Judith Butler, Karen Barad, and, especially for her involvement in
the IT debate, Lucy Suchman (just to mention a few of those authors that influenced
our understanding of the performative approach). A common trait among these
thinkers seems then to be the need to find a viable alternative to representationalist
tenets (i.e., stances that could be called as Cartesian or simply “modern”!! (cf., e. g.,
Rorty 1991)), to shift the focus from questions of correspondence between mod-
els/representations and reality to matters of practices/doings/actions (Barad 2003).

In short, a performative approach asks us as observers of social settings to
abandon the idea that these are sets of “object that are,” to embrace the idea that
they are made of “events that do.” In doing so, it gives us a “resource to counter
the positivist stance which essentializes categories and naturalizes the qualities of
the entities whose stable existence it posits” (e.g., gender as a fixed attribute of
a person) (Licoppe 2010). The concept of performativity therefore invites us to
abandon the Kantian notion of “thing per se” (at least in system design) to recognize
the relational and manifold nature of any perceived phenomenon, irrespective of its

!0The fil rouge binds together unsuspected associates, like Pickering and Latour. One thing that
unites these thinkers, for example, is that they are both “happy enough” to speak of material agency
in nature without imputing any intentionality to the word “agency” (Pickering 1995, p. 6).

"Yet, we agree with Jensen (2002) when he points out that “the performative turn is a way to
refuse the choice between the modern and the post-modern. The modern is about order purity.
The post modern is a celebration of fragments and disorder. The performative turn is a series of
claims and sensitivities that try to reach a fractional space in between. Something that is beyond
the mono-dimensionality of modernity and beyond the free-floating multi-dimensionality of the
post-modern. In this sense it has much in common with the parts of the Actor Network Theory
tradition that claim to be non-modern.”
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seeming solidity,'? as well as the co-constitutive entanglement of the social and the
technological (i.e., material) and “the performance of the emergent sociomaterial
assemblage” (Orlikowski 2007). According to this perspective, “meaning” is thus
seen as an emergent phenomenon (or an epiphenomenon) of interaction (Hug 2010)
but, even beyond this point, as a transient aspect of embodied interaction (Dourish
2001) that cannot be really decoupled from situated action (Suchman 2006) nor
caught in abstract terms.

In this vein, researchers adopting a performative turn put first in their research
agenda the study of the contingencies of time, space, technology, materiality,
or discourse, “the heterogeneous sociomateriality and real-time contingency of
performance,” as Suchman (2006) calls them (p. xii): all things that the more
classical “representational” model of thinking that is typical of “twentieth century
technoscience” (Suchman 2004), i.e., the one assuming a detached observer that
studies real objects and their essential properties in an objective world (or that
designs and puts new objects into the world), escapes either consciously or unaware
with profound consequences also on the conception of the role of technology in
society and of its “designers” (Orlikowski 2007).

11.2.2 The Performativity Fil Rouge

In order to frame how the concept of performativity can influence IT system design
in practical ways, we have to briefly outline the fil rouge mentioned above, which
binds together influential thinkers of the last 150 years with the foundations of
the CSCW approach to system design. To this aim, we have first to make a clear
distinction between the discourse on performativity we are interested in and the
so-called performance studies. These latter are usually at stake where scholars and
researchers in the IT literature use expressions like “designing for performativity”
(Morrison et al. 2010), “the role of performance in design research” (Jacucci et al.
2005), or “performing design.” These expressions are more related to the traditional
meaning of performance (Dirksmeier and Helbrecht 2008), as “showing of a doing”
(cf. Grimes) or “activity before a particular set of observers” (cf. Goffman),'? and
they point all more or less to the “artistic” side of the discourse on performativity
and as such they tend to “preserve,” if not enhance, the creative role of designers
instead of contributing in the overturn of the necessity of the idea of design.

12To support the legitimacy of the performative turn, we here recall that our ancestors (i.e., Latin,
Greek, and Old English) used the words “res,” “pragma,” and “thing” (respectively) in order to
denote an affair, a deed, a business, or an assembly (Telier 2011, p. 1), as well as the matters that
were discussed and deliberated in such occasions and meetings. In other words, subject and object
did not need to be disentangled on such occasions.

131t is nevertheless worthy of note that the meaning of performance as “performing a play” or
“playing a drama” is much later than the more general meaning of “carrying out a promise” or
“carrying in effect something” that dates from the sixteenth century.
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Conversely, the concept of performativity we refer to is rooted in the Nietzsche’s
seminally deconstructive analysis of the relation between words and the world and
in his powerful intuition according to which looking for a specific “doer” behind
any action is recognized as an arbitrary and unnecessary (and indeed confounding)
act.'"* This seminal contribution was then taken up by phenomenologist scholars,
notably Heidegger, who further articulated the idea that the only way of being of
human (i.e., Dasein) is engagement in practices (Existenz) (Riemer and Johnston
2012), that these latter depend on equipment'> for their performance, and that the
relationship between this latter and Dasein is fundamentally co-constitutive (Turner
2005). Many affinities can be then found between Heidegger and J. L. Austin
(see, e.g., those discussed in Glendinning 1998), who introduced the concept of
performative utterance to account for the capacity of human speech to act, i.e., have
an effect in the material world, rather than just simply describe reality in terms
of “true” and “false” statements; that notwithstanding, Law questioned the orderly
taxonomy proposed by Austin and claimed that “all statements are in the slippery
space between performative and constative,” thus turning “the question of constative
vs. performative [ ... ] into an empirical question, and thus potentially an object for
a sociology of performances” (Jensen 2002).

Years later, approximately at the same time as these concepts were taken up
in the IT design arena by Winograd and Flores (1986) in their reappraisal of
Austin’s (and Searle’s) elaboration of the so-called speech acts, the performative “fil
rouge” unfolded again in the works of Andrew Pickering. We are referring to those
contributions where this author made a clear distinction between a “representational
idiom” and a “performative idiom” in scientific and technology-oriented discourses
(Pickering 1995) and in particular for our design-related discourse, when Pickering
(2008) contrasts the modern technoscientific approach to the design of things with
the approach followed by British cyberneticians, like Beer, Ashby, and Pask, i.e.,
a hands-on experimental, performative, and non-representational one. At the same
time, other authors drew upon the critical reinterpretation by Derrida (Simon 2010)
of Austin’s original differentiation between performatives and constatives, most
notably Judith Butler and Karen Barad. These latter elaborated a complex concept
of (posthumanist) performativity around the repetitive, or citational, aspects of
performance, i.e., its ability to produce materiality. In this view, social structures,
like rules and categories (such as gender), are not preexistent attributes of a given
object or its behavior, but rather they are continuously produced through processes
of repetition and social legitimization. This conviction echoes, but also in some way
goes beyond, the views animated by Wittgensteinian philosophy that recognizes

14We are referring to the famous passage in The Genealogy of Morals where Nietzsche pointed
out that “there is no ‘being’ behind doing, acting, becoming: ‘the doer’ is merely a fiction added
to the ‘doing’. Doing is all” (original: es giebt kein ‘Sein’ hinter dem Thun, Wirken, Werden; ‘der
Thaeter’ ist zum Thun bloss hinzugedichtet, — das Thun ist Alles).

I5Equipment can be seen as a term which denotes those things, or artifacts, that the Dasein
encounters in fluent use, entangled and experienced in performance, when they are ready- to- hand
(Zuhandenheit).
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how, due to the intrinsic underspecification of human behaviors (Schmidt 2011a,
b), it is the practice that determines the rule rather than the opposite and that
invites us to abandon an “objectified and detached view of rules and procedures as
external objects with fixed properties, to a performative view where rule following
is characterized as a typically emergent, distributed and artifact-mediated activity”
(D’ Adderio 2008).

11.2.3 Performativity for IT System Development

All that said, one could rightly wonder what the performative turn, as it has been
characterized above, has to do with the discourse regarding IT design in socio-
technical settings and, above all, if there is anything new. We are aware that some of
the performativity tenets like paying attention to “the negotiations between actors”
(Wagner et al. 2010, p. 67) and the question of when design stops and use begins
(cf., e.g., Brand 1995) “may seem old to people within the CSCW tradition” and
related ones (i.e., HCL, PD, and the like).'® That notwithstanding, we believe that
this perspective can be fruitful along both the practical and conceptual dimension.

11.2.3.1 On the Practical Side: Toward New Meaningful Development
Cycles

From the practical point of view, only a few contributions so far refer to the
performative tenets explicitly with respect to design; for instance, Jensen (2008)
advocates a reorientation of both the understanding and (less clearly) the practice of
the process of IT design (or more specifically of CSCW design) as performativity;
to this aim, he submits recommendations to keep in mind performative aspects in
the design process, such as that “neither humans nor technologies determine each
other” and that “materiality might trick us in practice.” Unfortunately, the author
falls short of clarifying how a performativity-aware disposition or ‘“relativizing
one’s own ontology” (although certainly a useful exercise) could also “revitalize
design” and really change the practice of IT design. With a more practical attitude,
Danbholt (2005) makes an argument about the performative nature of prototypes, by
suggesting that prototypes “affect users in concrete, material, bodily ways in situ.”
Recognizing the performative nature of prototyping is then related to recognizing
that this way of designing artifacts is “mutually transformative for users as well as
for the technology, a process of co-construction of humans and artifact”; if design

16This was honestly admitted by Jensen (2008), who has nevertheless advocated a better consid-
eration of these ideas within those traditions. However, two years later, Bratteteig et al. (2010, p.
31) have conversely recognized that “the performative turn in post-structuralism is perhaps under-
articulated in design research.”
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“is considered to be performative,” it is recognized as “an emergent process where
the end result is not predicated by either users or designers, but [is] an outcome of
the process. [ ... ] Performativity thus also means that the existing is continuously
performed and reiterated in order to persist, which means that the existing is also
always under construction and transformation. Slight changes in the way things are
done lead to novel existences. Performativity thus implies a continuous possibility
of transforming the existing.”

While we would fully subscribe to these conclusions, we notice how user-
centered, and even participatory design, approaches (let alone any approach within
the more traditional, engineering mythology), in which users are considered to
hold important knowledge on their practice and, in virtue of this competence, are
involved in the design process (in some form), are nevertheless still considered to
be end users and their practices as preexisting the design process and somehow
invariant to the task, in its essential traits. Thus, while prototyping and participatory
prototyping, especially when prototypes are not merely representational ones (i.e.,
mock-ups) but rather are working gears (like in the framework presented in Harel
2008), can make the distance between design and use (and hence designers and
users) shorter, the co-construction of these prototypes usually takes place in a
controlled and delimited environment (“in vitro” rather than “in vivo”). In so doing,
the performative dimension of the development process is still kept at the margin
of the real and never-ending (and very aptly depicted as loop-closed) process of the
task-artifact cycle (Carroll et al. 1991), where both the task and the artifact coevolve
as a whole and at a different pace.

Within a performative strand, such a cycle would likely resemble a more
intertwined figure, where the task cannot be considered without the artifact with
which it is accomplished and the artifact alone is just inert accoutrement outside
the task. Taking seriously that “the social organization of work does not pre-exist
in any precise or detailed way, but is constituted ‘in the [artifact-mediated] doing’
by practitioners” (Buescher et al. 2001) suggests then that tasks occur only when
artifacts are used and artifacts make sense to practitioners only when these are put
to work. In other words, there is no dualistic thing but situated action, which emerges
from the indissoluble entanglement of tasks and artifacts, like in a variation of the
widely known Taijitu symbol. It goes without saying that entanglements cannot
really be designed, as “the take-up, modification and rejection of technology in
a work setting, and the [conseguent] accommodation of work practices that take
place around a developing technology, are radically unknowable and unpredictable”
(Buescher et al. 2001) till they actually occur.

11.2.3.2 On the Conceptual Side: Back to the Future

The conceptual contribution is no less important if we accept what Schmidt (1999)
once pointed out, i.e., that “Lucy Suchman’s radical critique of cognitive science
and the ‘situated action’ perspective she proposed has played a significant role in
defining the CSCW agenda and has become a shared frame of reference to many,
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perhaps most, of us.” Since the publication of Plans and Situated Action (1987),
the discourse around the concept of “situation” has become more prominent in
system design and underlies the main tenets of the EUSSET’s “Situated Computing
Manifesto.”!” This focus on “situation,” rather than on performativity, has resulted,
we would suggest, in a certain ambiguity, perhaps due to its apparent roots in the
concept of a (static) place (cf. Latin situatio, site).'® As pointed out by Clancey
(1997, p. 23), “the overwhelming use of the term situated [ . . . ] since the 1980s has
reduced its meaning from something conceptual in form and social in content to
merely ‘interactive’ or ‘located in some time and place’.” Suchman (2006) herself
admitted that the passage where she had written that “the situation of action can
be defined as the full range of resources that the actor has available to convey
significance of his or her own actions and to interpret the actions of others” could
be erroneously “taken to imply that ‘the situation’ exists somehow in advance of
action and that it could at least in principle be fully enumerated and represented
in the form of a model to be referenced” and therefore as something that can be
drawn by some professional (i.e., the designer) before actually going “where the
action is” (Dourish 2001). Conversely, “the sense of the situation [Suchman is] after
is a radically performative and interactional one, such that action’s situation is in
significant respects constituted through, or stands in a reflexive relationship with,
ongoing activity” (p. 125, our emphasis).

This remark cannot be underestimated. Indeed, when Suchman exposed the main
themes pertaining to her decades-long research in the field of HCI in the preface of
Human-Machine Reconfigurations (a reprint of Plans and Situated Actions that was
enriched by new footnotes and additional chapters), she mentions: “the irreducibility
of lived practice, embodied and enacted; the value of empirical investigation over
categorical debate; the displacement of reason from a position of supremacy to one
among many ways of knowing in acting; the heterogeneous socio-materiality and
real-time contingency of performance; and the new agencies and accountabilities
effected through reconfigured relations of human and machine” (Suchman 2006,
p. xii). It is for us indicative that Suchman did not mention “situated action” nor
situatedness. Here we briefly recall that the former concept was originally chosen
“to underscore the view that every course of action'” depends in essential ways on
its material and social circumstances” (p. 70) and the latter term was not originally
used by Suchman, although hundreds of scholarly papers associate it with her

7URL:  http://www.thinkinnovation.org/eusset-has-just-engineered- the- manifesto- of-situated-
computing/ (accessed 03-Sept-2014). Archived at WebCite on 03-Sept-2014 [http://www.
webcitation.org/6SJclKI3B]

8This could have also laid the concept of situatedness open to some representationalist drifts:
cf., e.g., the connotations acquired by the term “context,” among which that of “container-like”
(Suchman 2006, p. 19), in IT-related discourses about “context-aware systems.”

YIncluding planning itself or “calling out a plan as a self-standing artifact”: cf., respectively, p. 17
and 21


http://www.thinkinnovation.org/eusset-has-just-engineered-the-manifesto-of-situated-computing/
http://www.thinkinnovation.org/eusset-has-just-engineered-the-manifesto-of-situated-computing/
http://www.webcitation.org/6SJclKI3B
http://www.webcitation.org/6SJclKI3B
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work?® and has been the object of some criticisms,”! among which we recall here

the point by Ciborra (2006) regarding the paradoxical and somehow extraordinary
lack in such concept of any affective, human, but we would also say performative,
element.?? In the same vein, also the current interests on either “situated software”
(Balasubramaniam et al. 2008) or “situated computing” can be questioned. As
Suchman put it:

I believe that the argument made [in 1987] holds equally well today, across the many
developments that have occurred since. The turn to so-called situated computing notwith-
standing, the basic problems identified previously — briefly, the ways in which prescriptive
representations presuppose contingent forms of action that they cannot fully specify, and
the implications of that for the design of intelligent, interactive interfaces — continue to
haunt contemporary projects in the design of the “smart” machine. (Suchman 2006, p. 3,
our emphasis)

Thus, the IT system design discourse periodically contains terms and expressions
that have the potential to overturn the traditional oppositions between abstraction
vs. materiality, representation vs. performance, and between different kinds of
design, e.g., the one that “solidifies and stabilizes procedures and classifications”
(Orlikowski 1992a) and the one that “continues in use” (Carroll 2004): these terms
and expressions nevertheless end up by getting like “muted,” although they still
remain as ‘“‘sensitizing concepts [:::] which draw attention to important features
of work and provide guidelines directing research in specific settings” (Crabtree
et al. 2001). It is as if those “sensitizing concepts” were always put into a sort of
seventh room of Bluebeard’s castle, where they are seemingly kept alive, honored,
and dolled up but actually in a state of harmless captivity, with no real influence on
actual practices and on the inner convictions of the practitioners involved in design.
This could be just the plain consequence of an “engineering education [which] had
over-invested in analytical technique and scientific understanding at the expense of
the practical, ‘hands-on’, the creative, the reflective, the social, the constructive, the
ethical, the economic” (Bucciarelli 2003, p. 295).

In conclusion, we assert the topicality of the performative turn (especially in
the sense of the intellectual legacy argued above) and advocate the concept of
performativity to be taken more seriously in the future for at least two reasons:
first it refers to a “doing” explicitly and in that it differs from the keywords
like “situation,” “situated(ness),” and “context” which all refer to a “state of
being.” Hopefully this could be enough to avoid falling victim to the Scylla

In Human-Machine Reconfigurations, Suchman speaks of situatedness only once and only
to challenge the meaning intended for such term by Rodney Brooks, the MIT engineer that
questioned symbolic representational approaches in the field of robotics, as she found such
meaning “‘evacuated of sociality.”

2!ncluding people, like Lave and Wenger (1991), who lament the vagueness of the definition itself
of situatedness

22Ciborra (2006) writes: “‘Situated’ is the translation of the German ‘befindlich’; situatedness is
‘befindlichkeit’. [The former term] not only refers to the circumstances one finds himself or herself
in, but also to his or her ‘inner situation’, disposition, mood, affectedness and emotion.”
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of essentialism/representationalism (Maturana and Varela 1992) and facilitate the
reappropriation of Suchman’s lesson, at least within the CSCW community.
Second, we believe that the performative view, in its nature anti-conceptual, anti-
representational, and against the divide between design and use (i.e., practice), has
a potential to bring us to the other side of the river (cf. the life-raft model mentioned
by Buescher et al. 2001)) and let us assert that technology in practice (Orlikowski
2000) cannot really be “designed” but rather allowed to “emerge”?? (Cabitza 2014).
This would mark the shift with no regrets “from a focus on invention [we would say
of design, Ed.], understood as a singular event, to an interest in ongoing practices
of assembly, demonstration and performance. The shift from an analysis in terms
of form and function to a performative account” (Suchman et al. 2002, p. 165). We
re-propose this resolution within our alternative mythology as a way to bridge the
literature contributions mentioned above and the following discourse on bricolage.

11.3 From Models to “Bricolages”

I often try out little bits
wheresoever they might fit.
The sages call this bricolage,

the promiscuous prefer menage . . . 2+

The discourse on the performative nature of socio-technical systems suggests we
should recognize that designing for interaction and action is overambitious for its
irreducible distance from the actual performance of the task. This would seem to cast
a gloomy light on any constructive stance about computer-based support of complex
human tasks. However, what gives us “some hope” is that an approach, if not a
method, can be taken toward the actual realization of technological scaffoldings
(Orlikowski 2006) for collaborative complex socio-technical systems: bricolage.

In the context of IT design-related research, we draw heavily on the concept of
bricolage for its “overall generative effect [which] seems to be more dependent on
interaction rather than on some overriding design rationale” (Lanzara 1999, p. 347)
and because “bricolage privileges combinatory logics, loose coupling, and garbage
can processes” (ibid) and minimizes the prospect that any designed thing, no matter
how well conceived, will necessarily fall short of avoiding the “law of unintended
consequences” (Mansfield 2010).

Early authors to use the concept of bricolage in relation to design (in a wide
sense) were (almost independently) Weick (1993) and Ciborra (1992). These
studies, although largely, provided the conceptual background for many subsequent
contributions that leveraged, or simply were inspired by, this metaphor. Among

20f course someone has still to develop the technological artifact, and someone else pays the bills.

2#Thomas Erickson, 2000, allegedly written upon reading a commentary for a special issue of
CSCW Journal on Theory
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these, we also consider the contribution by Buescher et al. (2001), one of the first to
provide some concreteness to the notion of bricolage within the actual process of the
development of computer-based information systems in organizational settings. In
their work, Buescher et al. (2001) suggest a “‘life-raft’ model of systems develop-
ment — a continuously unfolding bricolage of technologies to hand, requiring much
patching and baling, with an unknown destination” (p. 17). In this “overarching
framework within which newly developed technologies are set in place and helped
to ‘work’,” they argue that the design process had to become more “immediate and
continuous” in order “to cope with the deeply built-in uncertainty of the relationship
between technical systems and work practices” (p. 22). They provide a concrete
definition of bricolage in a CSCW context:

Bricolage can be described as ‘designing immediately’, using ready-at-hand materials,
combinations of already existing pieces of technology — hardware, software and facilities
(e.g., Internet providers) — as well as additional, mostly ‘off-the-shelf’ ones. It therefore
also involves design as assembly [and] requires investigation of the process of assemblage
as well as designing for it. (p. 23)

We substantially agree with the points regarding the idea of “design as assembly”
and the immediacy of the bricolage-oriented approach. Yet, we interpret immediacy
in terms of “unmediated spontaneity” rather than in terms of “ad hoc quickness”
and therefore bricolage as an activity mainly accomplished without the mediation
of designers or IT specialists. At the same time, asserting that bricolage is “a
description of the existing context,” the general activity of bricoleur as well as its
“(unforeseeable) outcome” (i.e., an assemblage of “things that work,” the solution
coming out from a particular round of development), and even a (presumably
context-independent) “method for design” is rather catchall.

We therefore prefer the more focused definition proposed by Hartswood et al.
(2000):

Users need the opportunity that only their work can offer to explore fully the possibilities for
adopting, and adapting to, new systems and artefacts. When this is allowed to happen, and
given the right choice of technologies, development work can assume the characteristics of
‘bricolage’ — i.e., the rapid assembly and configuration of ‘bits and pieces’ of software and
hardware — led by users acting within their own work settings, with IT specialists taking on
the role of facilitator.

In this light, we propose to dissolve the usual distinction between a passive end
user and a more active end user (the latter idea has been called a variety of things
in the literature; see, e.g., Cabitza et al. 2014a, b) and hence to consider all users as
(at least potential) bricoleurs, i.e., who in different circumstances can play either the
role of who constructs and assembles the pieces of technology (whom we denote
as “bricolant” bricoleur) or who exploits those assembled pieces by actively using
them according to the situation at hand (i.e., a sort of “actant” bricoleur). This is
the twofold meaning of the term “bricoleur” that we submit for the IT discourse.
This can be clearly traced back to the specific archetype of bricoleur that Levi-
Strauss (1966) introduced to contrast with the opposite archetype of “engineer.” In
our view, then, the latter can personify the rational designer that builds systems from
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scratch after, and in virtue of, a conceptual effort, while the former denotes the user
that fabricates her own tools from available resources, being immersed in situated
performances and contingencies. In his words:

The bricoleur is adept at performing a large number of diverse tasks; but, in contrast to
the engineer, he does not subordinate each one of them to the acquisition of raw materials
and tools conceived and procured for the project: his universe of tools is closed, and the
rule of his game is to always make do with ‘what’s available’, that is, a set, finite at each
instance, of tools and materials, heterogeneous to the extreme, because the composition of
the set is not related to the current project, or, in any case, to any particular project, but is
the contingent result of all the occasions that have occurred to renew or enrich the stock,
or to maintain it with the remains of previous constructions or destructions. (Levi-Strauss
1966, p. 17)

For our purposes, the key motivations for focusing on the active roles of the end
users can be found in three statements by Levi-Strauss (1966). Firstly, objects “are
not known as a result of their usefulness; they are deemed to be useful or interesting
because they are first of all known” (p. 9). This means that what is “useful” or not
cannot be predetermined in terms of functional requirements, irrespectively of the
competence of the analyst/designer, as these are necessarily decoupled from the
actual availability of the corresponding functionalities in the workspace of users.
Conversely, each work item is perceived by users to be useful if they have already
internalized its function, that is, if they already know it and have made sense of it.
This means that the bricoleur is someone that uses the objects she can find around
her, but it is also necessary that their meaningful arrangement entails that he/she
has previously been involved in some sense in the creation of those objects. Thus,
bricolage is seen as an arrangement of predefined objects, where predefined here
just means “defined before” and not “from above by someone else.”

Secondly, a distinction between the engineer/designer and the bricoleur is made
in virtue of “the inverse functions which they assign to events and structures as
ends and means, [the designer] creating events (changing the world) by means
of structures and the ‘bricoleur’ creating structures by means of events.” (p. 22).
This point is particularly important in view of how the performative stance sees
every event.”” This cautions us against regarding any structure that the designer
could conceive as either enabling or constraining action as these structures may be
changed in the process of their enactment, even if such a change is unintentional and
unacknowledged (Orlikowski 1996). It also relates to the more manifest feature of
the activity of bricolage: as said above, not only to make things out of the materials
one has lying about but also to make sense of those materials according to an
interpretive act that reinvents the objects (at least their meaning, their function, and
their value) anew in the face of change and that is hardly anticipatable and mostly
unplannable as it is also deeply conditioned by past interactions (we would also say
“situated” of course).

Z3That is, as “an autonomic and contingent occurrence with its own conditions and its own time-
structure, [in respect to which] the meaning of the past for the present is not fixed but radically
ambiguous” (Dirksmeier and Helbrecht 2008), i.e., inextricably intertwined with the given situation
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Thirdly and importantly, “the engineer works by means of concepts, and the
bricoleur by means of signs” (p. 20). This is meaningful in light of the fact that
“signs can be opposed to concepts [in that] whereas concepts aim to be wholly
transparent with respect to reality, signs allow and even require the interposing and
incorporation of a certain amount of human culture into reality” (p. 20). The idea
of transparency here hints at a clear development recommendation: whereas the
engineer aims to hide information®® and to make his idea of, say, patient into a
number of attributes unambiguously codified in a relational DBMS, underneath the
application logic, the bricoleur instead needs to pay attention to what fields will
represent the patient in his/her artifacts, arrange them the way she needs, fill them
in on the basis of informal conventions and customs, as well as disregard them
and create some new attribute/field at need, irrespective of any ideal model of that
disembodied entity. Users and designers own distinct perspectives but nevertheless
they have to interact to make the technological artifact fully operational in the target
environment. Their collaboration has to be sought at a level that is different from
artifact construction, as will be discussed in Sect. 11.5.3.

Moreover, this third passage also clearly requires: first, that a second but by no
means less important activity of the bricoleur consists in a continuous and seamless
accumulation of any sign that could help her make sense of the bricolage in practice;
in so doing the bricoleur can enrich the bricolage artifact, i.e., its content as well
and any kind of meta-content attached, like comments, tags, and nested threads of
conversations that unfold around and about the tangible artifact. In short, bricolage is
a continuous and creative “playing with signs.”?’ Second, this passage sheds light on
the requirement that any computational support of the activity of the bricoleur must
be oriented toward this continuous creative and interpretive activity, which, as we
know (Berg 1999), can accumulate data as well as coordinate activities, toward the
reconciliation of multiple, possibly diverging interpretations and above all toward
the coexistence of these multiple and contextual incorporations, both in the local
and in the global dimension.

This latter point is what makes us believe that the bricoleur-oriented mythology
(as a specific kind of end user enabled by a specific kind of platform that we will
outline in the next section) has the potential to oust the mythology oriented to
the designer, i.e., the heroic and creative role that to some extent can be traced
back up to the Renaissance imagination and that Hirschheim and Klein (1989)
more prosaically denoted as the “systems expert.” This stereotype still distorts in
professional practice (and not only there) the fragile symmetry of the Janus-like
relationship between users and designers (Bowers 1991). In the next sections, we

26¢f. the principle of encapsulation, which is defined by Grady Booch as “the process of
compartmentalizing the elements of an abstraction”

?TThis passage is strongly influenced by the reading of Nietzsche by Derrida in “Structure, Sign,
and Play,” where the Nietzschean perspective is related to “the joyous affirmation of the play of the
world and of the innocence of becoming, the affirmation of a world of signs without fault, without
truth, and without origin which is offered to an active interpretation.” Bricolage itself is a concept
that urges us considering system development as a game-related social undertaking.
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will speak about how a “laissez faire les bricoleurs” method can be flanked by a
specific “logic of bricolage,” in order to empower end users and have them become
the builders of their own artifacts within their daily practices.

11.4 Toward Environments Supporting Bricoleurs

Everything that can be said, can be said clearly. (Ludwig Wittgenstein 1922)?

In this section, we would like to address how the discourse that we have outlined
above can converge into a coherent and practical proposal for the development
of interactive and collaborative information systems whose related mythology of
system development should situate itself among the research lines that are emerging
within the HCI field. As also recently pointed out by Ardito et al. (2012), these lines
focus on concepts such as:

* Appropriation: i.e., the process by which technologies are understood and
used by users in their own ways, possibly subverting the designers’ intentions
(Orlikowski 1992b; Dix 2007)

* Meta-design (Fischer and Giaccardi 2006): also denoted as “design for design-
ers,” a design paradigm which allows various stakeholders, including end users,
to act as co-designers even at use time. Accordingly, software engineers do
not design the final application, as in traditional design, but create software
environments through which different stakeholders can contribute to the design
of the final application

* End-user development (EUD) (Lieberman et al. 2006): a paradigm that focuses
on the capability of systems to offer support at run time to empower users to
develop their applications, blurring the distinction between design time and run
time

As we will argue, the alternative proposal we advocate builds on but is distinct
from these approaches. The term “appropriation” can be read as implying taking
as one’s own, a “thing” that has been constructed by someone else. For instance,
Carroll (2004) writes of “the crucial role played by users’ actions in completing
the design process” and that “[technology appropriation] is actually part of the
design process. The design of a technology innovation is completed by users as they
appropriate it.” We find then that the notion of appropriation is deeply ingrained in
the design-oriented rhetoric.

In the same mold, meta-design is a term that explicitly refers to a phase of design,
one programmatically aimed at investigating “techniques and processes for creating
environments that allow ‘owners of problems’ (or end users) to act as designers”
(our emphasis, Fischer et al. 2004). The main contribution that we want to retain
from this framework is then the idea of “underdesign”; this notion relates to design
for purposely “incomplete” systems that, once deployed, would allow for important

BTractatus Logico-Philosophicus, 4.116
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modifications by end users themselves, in the face of unexpected and unanticipated
needs that show up at use time. Underdesign hints at a conceptual design that does
not have the ambition to fully set the system up for its “embedment” in a complex
socio-technical system, but it also hints at a design for the “underlayers,” i.e., aimed
at the construction of environments where applications can be developed with a
strong interaction (co-design) between users and professional designers. Fischer
et al. (2004) use the term “seed” to denote an underspecified application that users
can complete during its use; the authors of this work also report about the action
research initiatives that led to the construction of such environments by means of
specialized editors (e.g., a map editor). The term seed is fully coherent with the idea
that applications grow (Truex et al. 1999) and evolve with their environments but,
in some way, this latter idea seems to clash with the claim that end users have to act
as designers, if this means to envisioning how the application ought to be and ought
to behave in the unknown future, even if this activity is performed by end users who
play the “designer” role.

EUD is the approach which has most clearly and explicitly stated in its agenda (as
well as in its name) the involvement of users in the construction of their technology
and without expecting them to act as designers. This shows a strong affinity with the
approach we discuss, especially if the meaning at stake for the term “development”
is the original one mentioned in Sect. 11.1: the notion of a continuous and indefinite
“unfolding” over time, pruned of its abstraction and differentiation from the actual
work practices. This is the point that resonates more with the passage by Levi-
Strauss reported in Sect. 11.3 where the end user, the bricolant bricoleur of our
mythology, is expected to “work with signs instead of with concepts.” Thus,
constructing (or modifying) the artifact should not be seen as radically different
from working with the artifact. The constructs and structures with which end users
work should be familiar, like blocks and parts of the artifact itself, and conceived to
be rearranged or created by composition from smaller subcomponents that are not
ontologically different from their compounds (e.g., big field sections in forms are
made of smaller fields groups, and these in their turn are but data fields).

Adopting a fully and coherent EUD approach has a strong impact on what kind
of system is supposed to support the continuous bricolage-based construction of
convivial tools.”

11.4.1 What Meta-system for End Users’ Systems?

It is possible to distinguish between two main ways a system can act as a sort
of meta-system for the development of an application by end users or at least
for its tight adaptation to their needs. On the one hand, we can consider systems

2This expression is taken from Illich. A convivial tool is defined as “that which gives each person
who uses it the greatest opportunity to enrich the environment with the fruits of his or her labour”
(Illich 1973).
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that primarily (or exclusively) support configuration. This regards the so-called
“flexibility through control” of systems that offer ways for people to adjust settings
and reprogram the system or otherwise technically adjust it (Dourish 1999).
Yet, allowing the setting of more or less articulated parameters that affect the
application’s behavior or its appearance at the interface level entails little room
for intervention by end users, since the set of elements is taken from a predefined
(at design time) set of values and corresponding effects on the application at run
time; accordingly, such systems allow for an involvement that is, in our view, too
superficial (also literally speaking) and is constrained by some model of feasible
action or by some feasible pattern in the “fitness landscape” (Mansfield 2010, p. 50)
that results from precise configurations in the “design space.”

On the other hand, other kinds of systems offer an environment that is “flexible
through openness” (Dourish 1999), that is, a sort of “meta-system” by which
users are supported in the creation of new systems and applications of different
complexity, according to their needs and competences: macro-programming, visual
programming, and programming by demonstration are among the solutions that are
given to users to “encourage their participation in the design process” (Dourish
2001, p. 170). Here the risk may arise that the motivations and purposes of EUD-
oriented researchers may clash with the scope and aims of the actual tools that
are made available to the end users: specific features of the environment (or their
absence) can introduce, or even impose, rigid models of practice and affect how end
users build and maintain their equipment. This latter point relates to an important
feature that environments enabling EUD practices should possess: we call this
quality, universatility, to hint at something in between the traditional qualities
of generality, universality, and versatility. While generality is usually defined as
“the degree to which a software product can perform a wide range of functions”
(Khosravi and Gueheneuc 2004) and hence serve multiple purposes, universality
and versatility (from which universatility) regard the quality of being both general
purpose and easily tailorable to the needs of specific settings and thus able to fit
local needs. In other words, where generality refers to the typical quality exhibited
by Swiss Army knives, that is, to have multiple specific functions to serve distinct
but anticipated purposes, universatility refers to the quality of a tool that offers
affordances that allow an open-ended set of usages (De Michelis 2003). Thus, a
powerful environment has to be universatile enough to avoid imposing restrictions
on the applications that it allows the construction of. Here the core of the problem
lies in how this quality is guaranteed and on what conceptual premises are grounded.

11.4.1.1 Universatility Based on an Ontological Approach

The first way to make an environment general enough to be applied to any
cooperative setting but also versatile enough to fit any (in principle) of its situated
tasks is what we call the “ontological approach.” This is an expression of the
representational and objectivistic approach we discussed in Sect. 11.2: the designer
of the environment decides how to guarantee wide customization on the basis of
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a pre-understanding of how actors behave in a number of recurring situations in
multiple domains; consequently, on the basis of this understanding (which is based
on deep introspection or more interactive and qualitative techniques), the designer
conceives a set of “labels” that identify the “things” that users will handle, associates
that classification scheme with intended universal building blocks, and provides
users with those elements, all together with specific rules for their composition, so
that they can (acknowledge and) make value out of that given model. A paradigmatic
example of this approach was the Coordinator (Flores et al. 1988) 25 years ago: there
the ontological claim was that actors coordinate their actions in terms of negotiation
of commitments, and according to this model, the technology offered a universal set
of possible categories to characterize setting-specific behaviors and routines. The
assumptions underlying this technological proposal have been widely discussed, and
contrasted, since then (e.g., Suchman 1994) but other examples of this approach still
abound, both in daily life, for example, where reference management software force
us to univocally associate our academic works or books with a specific category and,
in recent academic research, for example, when users are called to categorize others’
comments in public discussion with a system like Reflect (Kriplean et al. 2012).

In addition to systems where the ontological approach is adopted in an explicit
form, we notice that such an approach can also act within an IT system implicitly
(if not surreptitiously), especially in all those systems that adopt a characteristic or
strong metaphor representing “the” one way in which humans allegedly organize
their world: this is the case of the most famous (and nowadays notorious) “desktop
metaphor,” as well of some recent alternatives, like the metaphor of “story”
proposed by De Michelis et al. (2009b); in both cases, users are called to associate
the objects they work with a concept (i.e., the notion of file or of resource) and
characterize it in terms of a category — being it the name of the folder in which
the file is virtually stored (as well as the location of this latter in the “file system”)
or the name of a sequence of interactions with someone or about something (i.e.,
the topic of a conversation). The same phenomenon occurs in the ambit of context-
aware or situated computing where, as mentioned in Sect. 11.2, tools to characterize
a context or a situation are part and parcel of the design of the application itself,
and they are based, again, on a predefined domain model that the users can only
customize (or appropriate); this seems in basic contrast with the idea of context as
“embodied action” that we share with Dourish (2004).

All these approaches, either explicitly or implicitly ontological, are grounded
in the hypothesis that things could be described univocally or, at least, that the
“name for a thing” would mean that thing irrespective of the setting where such
a name is used and for what aim (cf., e.g., Mark et al. 2002; Anderson et al. 2008):
this is the essence of an ontological stance. However useful this approach may be
for ordering and retrieval purposes, any more or less structured “ontology” (in the
broadest sense of a taxonomy, classification scheme, interaction metaphor, and the
like) is conceived at design time and it is given to the users so that they make sense
of their world in a way that can make some tasks more orderly efficient; yet, this
approach may also hinder the support of other, possibly more “hidden” tasks: this
mirrors platforms that provide users with functionalities that allow for some degree
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of tailorability but, as the latter is constrained within the boundaries of the metaphor
itself, do not encompass functionalities to let the application (and its underlying
ontology) evolve toward and align with the idiosyncratic customs of the users.
The availability of such functionalities, and their subsequent use, could seriously
undermine the consistency of the overall model and hence the effectiveness of the
former tasks (e.g., Peters 2006).

11.4.1.2 Universatility Based on a Performative Approach

The main tenet of EUD has to do with giving users a more substantial role in
technology conception, development, and evolution. Component design is proposed
as an approach that allows users to tailor their applications by enriching them
with suitable components offering specific functionalities (Mgrch et al. 2004). This
would require the application to be open to this type of tailorization (Stevens et al.
2006). Moreover, while “component thinking” seems natural for the integration
of preexisting applications or in the assemblage of computational materials — for
example, by using Lego Mindstorm environments (Rusk et al. 2008), we also
have observed (Locatelli and Simone 2010) that in the construction of applications
from scratch, this could be perceived as difficult by users, who usually see their
application in a more holistic way than the component-based approach would
suggest. A more radical stance is taken by Fischer and Giaccardi (2006) and their
notion of meta-design. We have already expressed some reservations, at least on a
purely conceptual level, regarding those platforms that would be aimed at making
users act as “designers,” rather than allowing them to construct their tools much
like they already do with their traditional artifacts: i.e., by individual or bottom-up
organized initiatives, trials and errors, progressive amendments, and patchwork or
bricolage attitudes. Indeed, we have observed that actors in their everyday (working)
life do not follow a traditional design-based approach to solve their problems and to
construct the tools they need (Cabitza et al. 2013); this perception finds confirmation
in a number of field studies (e.g., Carstensen et al. 1995; Morrison and Blackwell
2009; Blackwell and Morrison 2010; Handel and Poltrock 2011; Morrison et al.
2011) that focus on not-yet-digitized settings and that show a continuity in work
practice development and paper-based tool construction that current technology is
still not able to reproduce or guarantee.

Indeed, if we agree that one of the main issues here at stake is the gap
between users and designers (in the traditional sense) — which is grounded in a
conceptualization of design that will always prevent users from taking full control
and responsibility*® of the development process — we believe that this gap can be
bridged only if design and the conceptual modeling activity that design implies are

30Beath and Orlikowski (1994) show how most of the user-centered development methodologies
that put a strong emphasis on user involvement (they make the case of information engineering)
actually relegate users to playing a relatively passive role during development and, in virtue of
this, ask for a more clear responsibility for project outcomes. We stress here the need to give full
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simply avoided and if the approach toward “technology co-construction” takes work
practices “seriously,” by avoiding any sort of compromise at the application level
and by deriving the related consequences at the technological infrastructure level. In
this vein, taking work practices seriously means to conceive technology construction
as part of work and articulation work, in the same way as paper-based artifacts are
constructed by actors when they need and use them (e.g., Morrison and Blackwell
2009) or, more generally yet, in the same way as users use work-arounds when their
applications cannot be tailored in any satisfactory way (Cabitza and Simone 2013b).

We then argue that the sort of universatility that platforms must guarantee should
be based on a radical performative approach for two reasons: first, according to
an ontological approach, specificity and situatedness are reached by having actors
apply a universal model locally and such a model can be both adopted and adapted,
but adaptation is here only a sort of extension of its basic assumptions and first-
instance concepts; conversely, a performative approach guarantees such locality by
delegating the users to create their own essentially open, underspecified, incomplete,
and even ambiguous “models,” by which they can make sense of their do-it-yourself
tools (Cabitza et al. 2013; Cabitza and Simone 2012c).

Second, adopting a performative approach “seriously” calls for the requirement
of an environment that limits itself to providing primitives by which users can
build their application in a bottom-up fashion, that is, in an emergent process
of trial and error, and while they work, as a way to improve the odds that the
application will really reflect and support their situated practices: if this construction
were “extracted” from those practices and moved to a controlled environment of
introspection, modeling, and ontological representation, we believe that we would
again tap into a less than effective ritual, which is stuck with the conviction that
the task-artifact entanglement can be really untangled without losing both (see
Sect. 11.2). As Lanzara put it: “systems do not only operate or change in time, but
are literally ‘made with time’.” Within a performative approach, as we discussed in
Sect. 11.2, end users can be seen as bricoleurs who build their digital tools tapping
into their tacit knowledge and their creative skills to build the portion of the IT
artifact that comes closest to their work practices.

11.5 Concrete Steps Toward a Logic of Bricolage

In order to make a contribution toward the conceptual foundation of environments
supporting the practice of bricolage in EUD terms, we will take inspiration from
the point that Lanzara (1999) made on the importance of “transient constructs and
persistent structures” (p. 332), which are seen as the results of “a practical, situated,
context-sensitive mode of design that feeds on the dynamic tension between the
requirements of change and stability.” We also think that what he called the “logic
of bricolage” emerges from the intertwined interplay of structures and constructs,

control, rather than only responsibility, to the community of users that will host the information
system.
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transiency and permanency, and universality and locality. This requires that an
environment supporting bricolage does not provide users with sophisticated (i.e.,
semantically rich) modeling tools that facilitate the top-down construction of the
application: from the conception of the “entities” involved, their attributes, their
mutual relationships, and of the “business processes” where all these latter interact;
rather this logic is supposed to offer to the users a set of “bricks” that they
can arrange and compose together in a bottom-up fashion within a conceptually
consistent environment (i.e., the rules of composition).

In order to envision such an environment, we propose a multilayered architecture
that is partly inspired by the research accomplished in the COMIC project.’! In
this architecture, the layers that are closer to the greater source of uncertainty and
unpredictability, that is, the layers that are closer to the users and their environment,
are those which can be changed faster and to a greater extent. With reference to
Fig. 11.1, we distinguish between an infrastructure, a platform, and environments
for editing and working. The infrastructure is the set of available services that are

1
i Situated Tasks—Artifacts Dynamics  Specificity Mainroles  Main Task
:,E Practices Entanglement
1
1 § g
= - = & i o
' = ‘g S S8
........ 8 38 S a 'é' 8
""""" @ 3 2 255
£ r {&aggi 2 §1%
= 2 (323 = &3
§ structures g8 2 151
= . =] g F28
£ | constructs Br:fcofant 3 %n.
= bricoleur | 3
= we o= g 8 2o
2 18851838 {8338
8 =3 3 L] 325 =
> |gFL|a5d |§%E5
2 =& afs 13 3<
2
b o
¥ g § 18 %
| k] § ®EZ) 28
g s 2 gazzi $8%
d R IS8 2 7L
== 3 b a ]
g5 = &
25 “w g,
3 3 [=]
) a g ‘.'g g
8 g 83 55
2 - g -]
2 g 32

Fig. 11.1 A conceptual architecture for an environment supporting EUD bricolage (LOB key-
words are in italics; each layer indicates its name and what it offers to the higher levels)

3The COmputer-based Mechanisms of Interaction in Cooperative work project was an EC-
ESPRIT-funded basic research project No. 6225, from 1992 to 1995.
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used by the computational platform that is specifically designed to support the
bricoleurs in building and using their own tools.

This platform, in its turn, exposes specific services to make the bricolage-
based information system possible and computationally augmented; with this aim,
the platform instantiates a working environment where a persistent storage and a
working memory, as well as an execution engine, are made available to the users,
and it instantiates an EUD environment where users can create their building blocks
and edit their tools; while working in this latter environment, users use specific
visual editors to build both their constructs and their working structures that are put
in operation when the working environment is “online.”

The architecture outlined above sounds similar to the architectures usually
proposed in literature to support modular approaches for application development,
like the abovementioned component design or service orchestration (Papazoglou
et al. 2007). In fact, although layers are actually common, what differs is their
content. We aim at the definition of a platform implementing a general generative
environment where bricoleurs can define, in principle, any sort of (collaborative)
application, starting from elemental and universal building blocks and composing
them according to universal composition rules. This idea is captured by the
simplified “formal grammar” presented in Table 11.1. This is a first attempt to
formalize the “logic of bricolage” toward its implementation.

Table 11.1 Generative productions of the logic of bricolage

<web-structure> ::= <layout-structure>-

<layout-structuree> ::= <topological-object>+
<topological-object> ::= <operand-construct> <coordinates >?
<operand-construct > ::= <constant> | <typed-variable> |

<operator-construct>(<operand-construct >-)

<operator-construct> ::= <functional-operator-construct> | <actional-operator-construct>,
<annotation> ::= <style> <target-ref> + |<constant> <target-ref>+

< target-ref> ::= <functional-operator-construct> (<target>)

<constant> ::= <domain-values> | <multimedia-text>

<target> ::= <control-structure> | <topological-object> | <annotation>

<style> ::= <conventional-symbol> + | <operator-construct> (<target>)

<control-structure> ::= <rewriting-rule> | <connector>

<connector> ::= <functional-operator-construct> (<control-structure >-)

<rewriting-rule> ::= <condition> <action>-

<condition> : := <functional-operator-construct> (<state>)

<action> : := <operator-construct>(<state>)

<state> ::= <operand-construct>-

Legend: The LOB grammar is expressed in EBNF-like notation; therefore, the symbol “|” means
“alternative,” “<>" means “variable,” “+” means “one or more occurrences,” “_” means “zero or

more occurrences,” and “?” means “zero or one occurrences”; “domain values” are not specified
and are the terminal symbols of the grammar (e.g., true and false).

LURTERL)
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In the following, we define the main elements of this grammar and illustrate them
by means of the particular document-based information system environment that
we have been developing in the last few years, called the web of active documents
(WOAD, Cabitza and Simone 2010; Cabitza and Gesso 2011). The core concepts of
WOAD can be summarized as follows: (i) the information system is parcellized in
a set of hyperlinked active documents that can be annotated in all parts and sections
and be associated with any other document, comment, and computational behavior;
(ii) there is no rational and unified data model because users define their forms
in a bottom-up manner and, in so doing, the platform instantiates the underlying
flat data structures that are necessary to store the content that these forms will
contain and to retrieve the full history of the process of filling in them; (iii) the
presentation layer is in the full control of end users, who are called to both generate
their own templates and specify how their appearance should change later in use
under particular conditions (cf. the concept of affording mechanism proposed in
Cabitza and Simone 2012b); and (iv) execution control is rule based. Users can
define local rules that act on the documents’ content and, as hinted above, change
how documents look like (i.e., their physical affordances), to make themselves
aware of pertinent conditions according to some cooperative convention or business
rule like the need to revise the content of a form, or to consider it provisional, or
to carefully consider some contextual condition (see, e.g., Cabitza et al (2009) for
other examples of such conventions).

11.5.1 The Generative Environment

The grammar that supports the logic of bricolage (LOB) is based on the following
first-class concepts or elements (see Table 11.1) where the technical terms con-
structs and structures are partly inspired by Lanzara’s original contribution Lanzara
(1999):

Constructing constructs. These are constructs that we denote as “constructing”
because, first, they are construct(ed) during the inception phase of the platform
within a cooperative setting, hopefully as result of a participatory design activity,
and second because, once constructed, they are to be used as atomic “building
blocks” by which the bricoleurs can create their working spaces and artifacts.
We can further characterize these constructing constructs, distinguishing between
operand constructs and operator constructs. Operators are all the feasible operations
and micro-functions that users deem necessary to be performed over the operands;
these latter are the most atomic data structures, components, and variables that the
platform must make available in both the editing and working environments to be
used in situated work practices. Both operands and operators are the “things” that are
arranged and put together in the bricolage activity in order to, respectively, compose
the artifacts and endow these of computational capabilities.

For example, in WOAD, the operand constructs are called datoms (document
atom): these are any writable area with a unique name and a type (e.g., integer,
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string). A datom can recursively be a composition of one or more datoms: e.g.,
the “first name” datom (a string) and the “family name” one (also a string) can
be combined into a “person name” datom that encompasses both. The operator
constructs are a selection of atomic functions that include predicates and are denoted
as functional in Table 11.1. For example, doctors from the medical setting described
in Cabitza et al. (2009) required for their forms a construct to perform averaging
and another one checking the occurrence of a value in a given set (i.e., the is-in
construct), in addition to the standard arithmetic and Boolean operations. Operator
constructs include also atomic functions that correspond to actions on specific
operand constructs and are denoted as actional in Table 11.1. In the same vein as
Simone and Schmidt (1993), we described a method to recognize and characterize
these atomic components from the qualitative analysis of the paper-based artifacts
used within a document-intensive work domain, i.e., two large hospitals (Cabitza
2011): in Table 11.2, we report the list of actional operator constructs that users
agreed with us and they would need to apply to the “data fields” (i.e., operand con-
structs) of their documents. Not all of the constructs are easy to build. Indeed, as our
subsequent studies show, while datoms can be created with a relatively simple editor
(Cabitza et al. 2011b), which we realized to allow users to both create data fields
and their templates, operations clearly need to be associated with specific behaviors
exposed by the platform or the infrastructure (like printing or sending as a message).

The grammar allows more complex operator constructs to be recursively defined
by composing more elemental ones by means of suitable functional operator
constructs and their corresponding primitives (see below).

Structures. These are what any bricoleur creates by composing and arranging
constructing constructs together. We distinguish between layout structures® and
control structures. The former ones are sort of material (yet non-necessarily
tangible) and symbolic work spaces that are recognized by members of a community
of practitioners as the physically inscribed technological artifacts (Orlikowski 2000)
with which to carry out their work. In document-based information systems, layout
structures are the document templates of forms and charts that are to be used to both
accumulate data and coordinate activities (Berg 1999), endowed with both physical
properties (i.e., the topological arrangement of the constructs mentioned above,
i.e., data fields and sections) and symbolic properties (the boilerplate texts, any
iconic element and visual affordances conveyed through the graphical interface).
For example, in WOAD, a web structure is a graph of hyperlinked templates (i.e.,
layout structures); these latter are a set of didgets: a didget is a fopological object,
i.e., a datom (see above) that is put in some place, i.e., is coupled to a set of
coordinates (that in WOAD are represented as Cartesian pairs with respect to the

32We prefer the expression “layout structure” instead of “information structure” (or “data struc-
ture”), which would perhaps be the traditional mode to indicate those structures, as the latter term
would have given the nod to the high-level, conceptual element those structures could be referred
to by a human user. Conversely, we mean to hint at the material, spatial arrangement of meaningful
signs that “act at the surface” in promoting cognitive processes of sense making and interpretation.
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Table 11.2 Operator constructs identified in Cabitza (2011)

Document-based operations

create This operation is akin to picking a new empty sheet of a specific template to insert
into the folder
retrieve This operation is akin to picking a sheet from an archive and make it available for

other operations
open/read | This operation is akin to getting explicit access to the content of a sheet or instance

of artifact

write This operation is akin to adding some new content to the artifact and accumulating
new inscriptions on it

select This operation is akin to pointing either an artifact (among others) or a specific
portion of its content

copy This operation is akin to putting some content into a buffer memory, like a little
pocket sheet

correct This operation is to be considered different from regular writing but rather similar

to striking through some

transmit | This operation is akin to sending either the physical artifact or (part of) its content
to an external party

print This operation regards the physical printing, or copy, of part/whole content of an
artifact

officialize | This operation regards the formalization/certification of part/whole content of an
artifact

annotate | This operation differs from write in that it is aimed at adding informal or side
content: it stands to writing as metadata stands to data

attach This operation can encompass affixing an external resource to the artifact

cache This operation regards the saving of part/whole content of an artifact for future use
(modifications are still possible)

store This operation regards the storing of the artifact in some repository, where only an
operation of retrieve can take it from

protect This operation regards the preservation of part/whole content of an artifact from
further operations

delete This operation regards the partial/complete elimination of either an artifact or parts

of its content

origin of the template). In the domains of computer-aided design and collaborative
drawing/editing, a layout structure can be considered the working space where users
arrange command docking bars, symbol stencils, and predefined configurations of
elements that must be set up before working on them.

On the other hand, control structures specify how the computational engine
of the underlying layers of the architecture (see Fig. 11.1) reacts in response to
events generated at artifact (interface) level, how this latter acts on the content
inscribed therein, and how it interacts with the users during their use of the tool.
On a formal level, control structures are compositions of rewriting rules (see
the keyword connector in Table 11.1) that express rewriting systems, a general
formalism that can be instantiated, e.g., as rule-based control systems, Petri nets,
business process modeling language, or any sort of declarative control construct. In
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WOAD, the control structures are called mechanisms, i.e., if-then rules whose if-
part is a Boolean expression that is recursively defined using the predefined datom
names as variables and the operators identified above, all together with the (obvious)
constants of the basic types. The then part is a sequence of operator constructs
that has to be executed on the template or on its inner components. In particular,
these operators can change the affordances of an instantiated template to convey
information to promote collaboration awareness according to its contents (Cabitza
and Simone 2012a). Moreover, mechanisms are composed by the (implicit) OR
functional operator construct.

More complex control structures can be obtained by composing more elemental
ones by suitable functional operator constructs and their corresponding primitives
(see below).

Annotations. We consider annotations as part of the first-class concepts of a
logic of bricolage for their central role in work articulation, knowledge sharing,
and mutual understanding (Luff et al. 1992; Cadiz et al. 2000; Bringay et al. 2006;
Cabitza et al. 2013) yet at a more informal level with respect to institutionalized (lay-
out) structures and to the official content that is accumulated therein during situated
practice. To this respect, any form of annotation carried out by practitioners over
and upon structures and their content can be seen as a more ephemeral, informal,
and more user-driven piece of bricolage, which acts at a different layer with respect
to primitives, structures, and content (see dynamics and specificity in Fig. 11.1)
but that nevertheless plays an equally important role in making the artifacts in use
flexible enough to support invisible work (Star and Strauss 1999). Annotations
are then either stigmergic signs (Christensen 2014) and marks attached to the
borders of documents, extempore comments, and semantic tags from either domain-
specific taxonomies or setting-specific folksonomies or nested threads of both, as we
described in Cabitza et al. (2012b): all pieces of a bricolage that hosts informal
communication and handover between practitioners, their silent and ungoverned
work of meaning reconciliation, and the sedimentations of habits and customs in
effective (yet still unsupported computationally) conventions of cooperative work.
For these reasons, we believe that any working environment aimed at enabling users
to preserve (or even augment) their record-keeping conventions in the digitization
of their traditional artifacts should support annotation as a first-class class activity
of workers in their natural “ecosystem.” In particular, then, also annotations should
be referrable in control structures as we described in Cabitza and Simone (2012a,
p- 232) and in Cabitza et al. (2012b).

Primitives. Primitives are basic operations that the platform makes available
through the editing environment where the bricoleurs can create both their con-
structs and their structures. To adopt a pseudo-formal analogy, if constructs are the
elements of an alphabet, the primitives can be seen as the composition rules of a
grammar by which end users can generate meaningful sentences (i.e., structures).
Specific primitives allow users to populate these structures with both content and
meta-content, that is, any collaborative annotation.

The running environment executes operator constructs (both functional and
actional ones) by interpreting them as more or less complex articulation of
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primitives; these latter, in their turn, are domain-independent functionalities exposed
by the platform that have been expressed in terms of lower-level application
programming interfaces by IT professionals. In particular, the platform conceives
the following primitives (besides the usual arithmetic and logical operations like +,
—, AND, OR, etc.): read and write that represent the conceptual operations at the
basis of any computation; bind, which assigns constants to variables; aggregate, by
which to build complex operands from simpler ones; compose, to build complex
operators in terms of functional composition; and place, to associate an operand
with some coordinates to create a topological object. Moreover, the annotate
primitive allows us to associate a domain value, a multimedia text, or a conventional
symbol (e.g., any character, word or iconic mark) to any construct or to an existing
annotation. It is noteworthy that operator constructs can be just domain-specific
specializations of primitives, like a user-defined procedure sum() that can specialize
the 4 primitive of a programming language.

In WOAD, the basic operations conceived for the definition of both templates and
mechanisms, i.e., layout and control structures, respectively, can be related to the
primitives mentioned above especially aggregate, by which more complex datoms
(as operand constructs) can be built from simpler ones, and place, by which users
can associate a didget with a Cartesian coordinate with respect to the origin of a
given template. A mechanism is a simple control structure made of a single rewriting
rule while the compose primitive is a simple OR functional operator construct.

As mentioned in the previous section, the primitives are offered through an
editing environment where constructs and structures can be defined. For example, in
WOAD, this environment is constituted by two visual editors: one for the construc-
tion of mechanisms (Cabitza et al. 2012a) and one for the construction of datoms
and, by arranging these latter topologically in terms of didgets, templates. The edit-
ing environment is associated with an execution environment that has been tested
on realistic examples taken from the healthcare domain (Cabitza and Gesso 2012).

The conceptual architecture that is depicted in Fig. 11.1 incorporates that in
complex socio-technical systems, change must be expected: indeed, it encompasses
different layers that account for both different scopes (see Specificity), concerns
(see Task), involved roles, and dynamics. We borrow again some terms from
Lanzara’s logic of bricolage to qualify the changing rate of the layers constituting
the conceptual architecture. Any form of annotation carried out by practitioners over
and upon structures and their content can be seen as a more transient, informal, and
more user-driven piece of bricolage, which acts as a sort of different layer with
respect to content, structures, constructs, and obviously the platform’s primitives
(see Fig. 11.1); nevertheless (or right in virtue of this complementarity), annotations
play an equally important role in making the artifacts-in-use flexible enough to
support also invisible work (Star and Strauss 1999) and hence fully appropriated
by their users.

Layout structures are the immediately less transient components as they cor-
respond to working spaces that users flexibly accommodate to their changing
needs (Harris and Henderson 1999). Decoupling layouts, i.e., the data structures,
from the logic acting upon them, i.e., the control structures, is a well-known
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engineering principle that the framework recognizes. However, although formally
decoupled, control structures in practice follow and support the modifications of the
objects/artifacts to which they are applied: therefore, they are at the same level of
change rate.

On the other hand, constructs, especially the more basic and atomic ones,
can be considered as changing at a slower pace than the structures they are
part of, while the more complex ones can be revised (modified, deleted) more
often but probably less frequently than the above mentioned structures. Primitives,
conversely, are almost persistent: informally speaking, the composition rules must
be more stable than the objects they apply to. Finally, the layers of the underlying
technological infrastructure can be considered as almost permanent, in that changes
can be planned, postponed, and made incrementally depending on the triggering
technological evolution or organizational strategy. The emphasis on this aspect is
motivated by the fact that IT professionals have to build the infrastructure and its
relationships with constructs and primitives plastic enough to avoid any friction
between the different layers that “drift” at different speed according to regular
technological evolution and the users’ needs.

11.5.2 Some First Implications for Research

The three-layered architecture described above is aimed at addressing the user-
centered requirement to provide shop-floor practitioners involved in a digitization
program with (at least) the same space of possibility they have when they work with
non-digitized artifacts. In so doing, end users would get the opportunity to transition
from their paper-based artifacts to computationally augmented ones by means of the
editing and working environments, so that the layout structures that scaffold their
activities (Orlikowski 2006) would change with the necessary gradualness (or do
not differ at all) at least in theory.

To this aim, the grammar is left purposely flat, general, and simple: we do not
want to introduce surreptitious entities, like the concept of artifact, activity, task,
role, and the like, which traditional methods of software production may already
employ as primitive elements for the phase of design. We have already recalled how
any design of IT technologies either produces or adopts a model, sooner or later.
These models, irrespective of the layers at which they manifest or are adopted, will
necessarily end up by conflicting with work practices (for a recent account on this
phenomenon see, e.g., Morrison et al. 2011). This is because these practices “by
definition” change over time and make sense only in their doing (see Sect. 11.2),
while models equally “by definition” introduce the level of representational rigidity
that is necessary for their role in requirement elicitation and formal specifications
(e.g., Bowers 1991; Robinson and Bannon 1991; Bannon 1994).

However, the architecture depicted in Fig. 11.1 requires a radical change of per-
spective for all the stakeholders involved in technology conception and construction.
In particular, this proposal requires us to focus on the idiosyncratic and fine grained
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ways in which users cope with unexpected change in their work environment
(Bannon 1992). For IT professionals, this means focusing on how constraints have
to be dynamically expressed to support the definition of the appropriate ordering
of action and interaction in cooperative work in any circumstance (e.g., Pesic et al.
2007; van der Aalst et al. 2009), which pieces of information are used to support
articulation and cooperative work, how these are arranged in suitable artifacts (e.g.,
Nemeth 2003; Cabitza 2011), and what habits, customs, and conventions are at stake
and silently inform the exchange of information and the sense making occurring
within and across communities of cooperating actors (Mark 2002; Cabitza et al.
2009). In sum, conceiving artifacts (and entangled tasks) as more or less transient
“entities” emerging from the composition of constructs requires to understand what
elementary bricks users already have on hand to flexibly compose their artifacts®?
and to conceive of ways to make those bricks computational, that is, associated with
specific system behaviors (or functionalities), so that the performative and entangled
nature of tasks and artifacts can be preserved and supported.

With respect to a research-oriented agenda, this requires further studies and
meta-studies in the same vein of those by Martin and Sommerville (2004) and
Cabitza (2011), which aim to identify recurring and “universal” elemental opera-
tions/behaviors. Their identification would facilitate the reuse of ways to map either
domain- or setting-specific (operator) constructs with the APIs that the common
platform has to expose to make the execution of operator constructs possible. These
studies would share the assumption that leveraging general operator constructs will
not impose users any specific practice or way to treat information (which is mainly
represented in terms of operand constructs). This assumption seems reasonable first
because the identified operations would be intended to be as “atomic” and therefore
as elementary as possible and second because what could change in any specific
setting would be the practices users are familiar with and hence the way users would
make sense of and articulate together those basic elements within their work.

11.5.3 For Whom Tolls the Bell?

In the previous section, we hinted at the fact that an architecture that enables
bricolage requires all the stakeholders to reconfigure their traditional roles to make
the best use of it within the win-win game that motivates such reconfiguration. But
who are the stakeholders that are involved on a practical level? In this section, we
will just limit ourselves to the ones that are closer to the task-artifact entanglement’:

33We recall here the requirement that bricoleurs already know the available pieces (see Section 3).

34We are aware that buyers, top management executives, middle management officers, more or less
official and institutionalized representatives of business units, and their employees have always
been part and parcel of the development process of a corporate information system. However,
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traditional frameworks usually denote these as end users, key users, and actors from
one side of the divide and designers, analysts, programmers, and developers from
the other.®

The former actors are those that are supposed to invest an important effort in
bricolaging with the system, in the hope that this could pay off in terms of a better
fit between the resulting system and their needs and of a smaller impact on their
traditional coordinative practices and accepted power relationships. In this regard, it
is often argued that one should distinguish at least between the regular end user and
the so-called power user. This distinction, which can be of some value for purely
analytical purposes, should yet be treated with caution if it is to drive the decision
of “what to offer/allow to whom.” The conventional label of power user, far from
being used — as often is — to indicate a role having special rights in modifying
the technology (like a sort of administrator, who is distinct from regular users for
her “powers”), should be rather interpreted as originally intended by Bandini and
Simone (20006), i.e., as an organizational or even more informal category that allows
us to distinguish end users on the basis of their motivations in improving the artifacts
they also use and for the competences they have acquired in understanding how
things could be changed and why. In this light, power users are not the “chosen ones”
that receive the right to modify the application from above but rather who, in virtue
of their motivations and competencies, are either formally or informally delegated
by their colleagues with the aim of taking personal care that the tool continuously
evolves and fits the current needs of the community where it is put to work.

Therefore, within our perspective, the difference between power and regular
user fades away in the notion of bricoleur: someone that can be factually involved
in constructing and developing the bricolage or that anyway uses it and hence
contributes in building and consolidating related habits and conventions of usage
and interpretation. For this reason, access to the editing environment should be pur-
posely left to be regulated according to social control and local and socially relevant
conventions and initiatives that are just outside the scope of the technology itself.

In regard to the IT practitioners, obviously abandoning the traditional view of
rational design does not entail getting rid of designers at all; besides being socially
impossible, this sounds also undesirable. Rather, it requires designers, business ana-
lysts, and IT analysts to focus on different initial purposes and services to supply, as
we hinted at in Sect. 11.5.2. In Sect. 11.3, we recalled the work by Hartswood et al.
(2000) and hinted at the role of designers in terms of facilitators of the process of
co-construction of both tasks and artifacts. A similar role has been identified by the
approach that proposes participatory evolutionary design as a virtuous integration

articulating the reconfiguration of the larger actor network that encompasses all these levels of
involvement and accountability would be out of the chapter’s scope.

35Cabitza and Simone (2012c) show that this divide has historical roots, and hence it is contingent.
In particular, the “divide” took place approximately in the second half of the 1950s when the
computer, which had been thus far intended only as a mathematical instrument for which each
of its users had to write his/her own code to be executed when it was his/her turn, became a
full-fledged time-sharing equipment and established itself as a business machine or better yet an
electronic data-processing machine (O’Neill 1992; Campbell-Kelly and Aspray 2004).
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of EUD and participatory design (Sumner and Stolze 1997). The term “facilitator”
yet must be taken more in the connotation first discussed by Hirschheim and Klein
(1989), that is, more as that of a catalyst within a chemical reaction that really fol-
lows unpredictable and, above all, uncontrollable dynamics. Otherwise, the risk is to
conceive them as professionals supposed to facilitate the process in which computer-
based systems are finally accepted as “perfect bureaucratic tools” (Harris and Hen-
derson 1999) and adopted within a community of practice or organizational setting.

In this view, we can detect two main roles involved in IT development from the IT
perspective, which are characterized by specific and complementary competences.
One, who acts as the catalyst/facilitator mentioned above, could be referred to as
a maieuta-designer. Although such a word would be pronounced quite similarly to
that of meta-designer,* its meaning would refer to a quite different thing. Maieuta is
one who performs the art of maieutics, the Socratic approach where someone helps
bring out implicit notions in the interlocutors’ beliefs, mainly through a dialogic
and narrative way encompassing a series of open questions that do not necessarily
require an answer,>’ or just help them further refine their understanding and become
more autonomous in their expression. Such a designer is primarily concerned with
the front end of the enabling technology, i.e., with the graphical and semiotic aspects
of the artifacts “to be built and to be used” through it. Also, the maieuta-designer
is supposed to “close” the merely technological part of the design process and to
pass the baton on the end users, i.e., (the bricoleurs), by helping them to find the
means and motivations for the “in vivo” development of their artifacts on their own.
As such, the maieuta-designer does not have to possess strong programming or
architectural skills: rather he/she has to be a domain expert and a connoisseur of
how the users of a particular domain (if not particular setting) are used to conceiving
their tools and tinkering them over time (to what ends, on the basis of what political
and cultural drives and constraints, and the like) in order to help users in exploiting
the available editing environment in such a way that their bricolage does not become
an erratic process but rather is sustainable over time.

Typical technology-oriented competencies must be conversely mastered by the
IT professionals, or back-end designers, working on and developing the platform
itself: these are called to the role of guaranteeing that the artifacts built on top
of the platform can evolve over time, that is, that the enabling environments are
easy to use for as many actual users as possible. This means guaranteeing that
the best software engineering techniques (e.g., modularity, integration of data and
routines) are employed to make the platform and exposed environments powerful
and flexible enough to allow for the bricolage activities at the higher-level layers
of the overall architecture, besides guaranteeing also that the platform is modular
and robust enough to cope (and align) with (low rate) changes in the underlying
infrastructure. We could say that “designing for unanticipated construction” could
flank (or perhaps substitute) the old claim for “designing for unanticipated use” by
Robinson (1993).

36 And this is not completely by chance: mee’yootah vs. *mee-tah.
37A list of this kind of questions can be found in Cabitza et al. (2014b).
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11.5.4 What Is Outside Like This?

Our proposal tries to reinvigorate a discourse among the current mythologies of
system design that conceives the progressive delegation of power and control to end
users as a feasible way to cope with increasingly complex socio-technical systems,
supported by increasing complicated IT systems (Latour 1996).

This goal can be achieved by supporting two dimensions of EUD: the collabo-
ration among end users in the construction and tailoring of their applications and
the technical aspects of the construction itself. The former dimension is captured
by the notion of “use discourse” discussed in (Pipek and Wulf 2009): this concept
has shaped the construction of environments that support users in negotiating the
configuration of the software infrastructures and that are characterized by typical
collaboration tools such as discussion forums, representation sharing (among which
process diagrams) and annotation, and voting systems (Wulf et al. 2008; Stevens
2010).

As an alternative approach, in recent years, a small number of frameworks have
been developed to support the end users as bricoleurs in the sense discussed in the
previous sections. Among these, we obviously include WOAD, the document-based
information system platform that we have introduced in Sect. 11.5.1. Although
WOAD has been natively conceived to allow for the degree of flexibility and user
autonomy, the specialist literature reports also other platforms and frameworks that
exhibit similar features. For instance, placeless documents (Dourish et al. 2000)
introduced the idea of document properties that are attached by single end users and,
above all, properties that represent active ways to operate with documents (called
active properties): users can add these properties to documents to make them carry
executable code that can be invoked to control or augment their functionalities.
This work, to our knowledge, was among the first to carry into the HCI arena
notions from prototype-based object-oriented programming and operating system
programming, like attaching code to documents as a means to control their behavior
and the idea of letting users develop some bunches of runnable code to extend the
system functionalities. WOAD decouples layout structures from control structures,
although these can be related to each other by means of if-then mechanisms defined
over the document’s content.

Enabling end users to build their own documents is a common trait among recent
initiatives on visual data-driven form generation; these projects are usually aimed
at allowing users to generate even complex forms, intended as data-entry points
to an underlying flat data structure, without particular programming skills, e.g., by
means of a visual editor like Microsoft” InfoPath” as described in Mamlin et al.
(2006) or by means of the layout mode in FileMaker Pro” as used in Chen and
Akay (2011). This allows us to take “form design out of the programmers’ hands
and put it into the realm of content management, much as form-generation tools
(like Ruby on Rails or Plone’s Archetypes) aid the developer in rapidly generating
forms” (Mamlin et al. 2006), and hence to address a specific need that so far has
been raised by practitioners in the healthcare domain (e.g., Mamlin et al. 2006;
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Morrison and Blackwell 2009; Chen and Akay 2011; Cabitza et al. 2011a). The
system described by Mamlin et al (2006) presents also the feature to associate form
elements with specific rules (expressed in the Arden syntax), making this similar to
WOAD, although the editor defined in this latter framework allows for the reuse of
form components (i.e., the datoms) and for the abovementioned decoupling between
layout and the logic-based control flow of execution (datoms vs. mechanisms).

Finally, some effort has been paid by researchers to address the requirement
of making the end user really autonomous in creating their document-specific
rules, and this is usually enabled by means of visual and user-friendly tools
(e.g., Cabitza and Gesso 2012; Krebs et al. 2012). An even more comprehensive
approach to this general aim was proposed by Harel and Marelly (2003) in the
Play framework: this latter allows users to build reactive systems by playing, so
to speak, their specifications in a performative way, that is, through scenarios that
are subsequently implemented by means of a Play-Engine that “plays out” the
corresponding models of interaction; these are explicitly represented in terms of
multistep control structures, what the authors call “live sequence charts.” These are
hence more complex and articulated interaction structures than simple rules are.
Whether they cope well with unknown emergent behaviors is less certain. However,
in Play, users can specify these models of human-computer interaction in a way that
is innovative and peculiarly aligned with some of the tenets we discussed above:
end users can interact with prototype user interfaces and have the system build the
corresponding structures or write the intended behavior and its main exceptions
handling procedures in brief sentences expressed in natural (yet structured) language
or even tell it directly to the system, in a sort of versatile multimode way to teach
the system what to do if some events occur (typically at interface level).

The Play framework has been specifically proposed as a concrete first step
toward what Harel (2008) suggestively calls the liberation of programming from
its three straightjackets: these are the “l1) need to write down a program as a
symbolic, textual, or graphical artifact; 2) the need to specify requirements (the
what) separately from the program (the how) and to pit one against the other; 3) the
need to structure behavior according to the system’s structure, providing each piece
or object with its full behavior” (p. 29). The aim of liberating programming from
these representational straightjackets resonates in very close affinity with the tenets
of an EUD approach and seems to go in the direction of drawing a common agenda
where practitioners from different disciplines can perhaps meet together and inform
their own research and development initiatives in a positive manner.

11.6 Some Final Remarks for Future Discussion

In this section, we will just outline two important aspects that should be the object
of future research (or discussion) on the concrete applicability of the laissez-faire
method and of the logic of bricolage in the development and evolution of socially
embedded systems. These two topics relate to important strands of research that
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are receiving more interest from diverse communities of researchers involved in
studying the impact of IT in social settings in the recent years. We broadly denote
these two topics as “concerns about risk” and “concerns about interoperability” (and
hence standardization).

11.6.1 How Risky Is a Different Development Strategy?

One could detect an irony in our advocacy of a laissez-faire approach for the
construction of an efficient, effective, and safe technology, whereas it has been the
need to guarantee such qualities that motivated the consolidation of engineering
methods and methodology in IT system construction (Haigh 2010; Cabitza and
Simone 2012c). This feeling could be reinforced by our explicit confidence that
an environment enabling and supporting bricolage by end users could be a feasible
alternative to any *-design of those systems. Indeed, in the specialist literature, there
is a tendency to consider bricolage as akin to improvisation (Weick 1993; Lanzara
1999) and the bricoleur as someone, at best, who draws on the materials at hand
to create a response to a task on the spot (Levi-Strauss 1966); in Lanzara’s words:
“in a broadly diffused engineering ideology, bricolage is usually associated with
second- best solutions, maladaptation, imperfection, inefficiency, incompleteness,
slowness.” This prejudice is repeated several times within the system development
discourse.

One reason for that is to be found in the misunderstanding coming from
understating the radical novelty that the myth of the bricoleur carries. In fact, as
long as bricolage is evoked in discourses that still refer to a traditional way to build
computational artifacts or only moderate it (e.g., design with users, meta-design),
that is, as long as bricolage is ingrained in a traditional way to think of IT design
(even in the light of contributions coming from participatory design, action research,
and ethnography), we will keep undermining the original sense of this concept in
some (important) way and, worse yet for our aims, weakening its potential to move
into a new and more useful mythology.

From what we have argued at length, it should be clear that we stress the ability of
the bricoleur to “work and play with the stock [with] parts that are not standardized
or invented, [but rather] appropriated for new uses” (Weinstein and Weinstein 1991,
pp. 161-162) and that are taken from “an inventory of semi-defined elements [that]
are at the same time abstract and concrete [and that] carry a meaning, given to them
by their past uses and the bricoleur’s experience, knowledge and skill, a meaning
which can be modified, up to a point, by the requirements of the project and the
bricoleur’s intentions” (Louridas 1999): what we above called constructs. In this
compositional mythology then, the concept of bricolant bricoleur should not be
seen any longer as an “improviser,” a tinker, hobbyist, or hacker in the negative
connotation of these terms (e.g., Ciborra 2002, p. 47-48) but rather as a creative
actor who is enabled by the sponsors of the digitization initiative to reach their
purposes in the awareness that only end users are competent enough to reach a
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sustainable balance between effectiveness and efficiency in cooperative ambits and,
above all, to meaningfully improvise in the face of the unexpected, in virtue of
the fact that users, communities, and organizations already exist (i.e., they preexist
digitization and informating initiatives) and already possess “a disposition towards
their environment [...,] already [are] committed in a self-meaningful manner
towards [their] own survival and prosperity” (Angell and Ilharco 2009).

Supporting bricolage then is not the slothful retreat of the blasé researcher that
releases responsibility by advocating a more empowered and active role of end users
in virtue of her democratic feelings. Rather it is the ultimate strategy to make the
complex socio-technical systems that our IT solutions contribute more resilient in
face of the normality of accidents (Perrow 1999). More than this, we submit that an
architecture that adopts a laissez-faire method and the logic of bricolage described
above could be said to be both intrinsically resilient and evolutive, two terms that
are attracting more and more interest by researchers involved in the safety of IT
systems (Hanseth and Ciborra 2007) especially in critical or delicate settings, like
healthcare (Hollnagel et al. 2008). These two concepts engage the capability of a
system to react or change to unexpected events, changes, or conditions at different
time scales, respectively, short and long with respect to the occurrence of unexpected
event. Being both resilient, that is, able to reach a stable and safe working state after
that some unexpected event has occurred, and evolutive, that is, able to grow and
increase one’s own fit with respect to the surrounding environment, is a fundamental
characteristic of socio-technical systems to properly face the increasing odds of
failure of some of their multiple components that can result from the increasing
complexity of their interrelated parts and corresponding links. This characteristic
also constitutes progress with respect to the concept of robustness which refers to
the capability of a system to resist and withstand adverse events and change, also in
virtue of design and analysis phases usually aimed at identifying, prioritizing, and
handling specific exceptions or at reducing the opportunity for their occurrence.

The architecture we envision above is intrinsically resilient as it, paradoxical
as it may seem, delegates to end users the burden and responsibility of reacting
to unexpected events by leveraging their innate creativity and the invaluable, and
often irremediably tacit, knowledge of the overall system dynamics, sometimes
much more based on intuition than on rationality (Mark and Semaan 2008) and
because such an architecture purposely avoids providing users with information
and execution structures that are constrained and articulated on the basis of strong
assumptions on how the system will behave under certain conditions: a bricolage-
based information system is just an environment for both the human and automated
manipulation and processing of signs.*® Moreover, interactive systems that are built
on top of such an architecture are naturally and concretely open to evolution as
they, differently from those systems that are built by someone else than their actual

3BIf the worst occurs, e.g., if power goes down, the overall socio-technical system is made more
resilient simply by printing out some layout structures on paper and having the users work as usual,
just without the computational augmentation of those structures.
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users, are changed opportunistically by end users on their own when (or in a short
time after that) they feel this necessary to accommodate their artifacts and tools to
emerging conditions and newly recurring situations. Again in Lanzara’s words:

[...], systems assembled by bricolage have an evolutionary advantage: being loosely
connected and incoherent assemblies of mixed components, they can be partially reworked
without much investment effort. Bricolage is a design strategy that makes sunk costs
recoverable. In case of system’s depletion, obsolescence or low performance, regeneration
can be done without having to throw away the whole structure. [...] As a consequence,
systems are persistent and robust because cannot be changed or moved easily, but at the
same time keep structural plasticity and exhibit some self-correcting properties. Innovation
can be accommodated locally. [...] As [bricolage] exploits the properties of existing
structures for interactive and generative purposes, it successfully mediates the dilemmas of
change and stability, innovation and conservation. On the one hand, by experimenting with
transient constructs it allows for some variability and improvisation without incurring in the
possible disruptions caused by excessive instability and radical change; on the other hand,
by assembling robust but furtherly manipulable structures, it allows for some order and
reliability without curbing the chances for system improvement and innovation. In short, it
makes both radical innovation and complete unraveling unlikely. (p. 347)

We subscribe to this understanding of the role that an active, conscious, and
responsible bricoleur can play in system development but also associate this with
the awareness that new platforms must be built supporting this role and new
professionals must be educated to mediate between the possibly conflicting stances
of such an empowered actor and other roles that are in a hierarchical relationship
with it.

11.6.2 Interoperability Concerns

The second issue we propose for future research and discussion regards the tension
between the global dimension and the local one in the construction of a technology
aimed at supporting whole organizations and/or networks. This is therefore the
extension of what we have discussed so far in terms of collaboration within groups
of limited size, what we call the local dimension, in the new terms of interoperability
“in the large,” i.e., across multiple settings and organizations. The separation
between global and local has been already shown as illusory by who have recently
proposed the concept of information infrastructure (e.g., Fitzpatrick and Ellingsen
2012), as it is recognized that any local event or practice can have the potential to
affect the overall system, sooner or later.

In Sect. 11.3, we very briefly hinted at how this separation can be just seen as
one way by which the interests of someone (typically institutional authorities of
control and high-level regulatory bodies at regional or national level) are imposed
on the practices of others (typically the producers of inscribed data and their first
consumers for articulative reasons (Berg 1999; Winthereik and Vikkelso 2005)).
Consequently, addressing the tension between local vs. global requirements means
to also address one of the main root causes behind the pervasive (and still relatively
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neglected) phenomenon usually denoted as “work-around.”*° Such a circumvention
of the system and its intended (and designed) uses that users perform to overcome
the rigidity that the global view of IS imposes on their local practices can indeed
undermine any serious attempt to engineer and deliver safe and robust technologies
in socio-technical systems (Niazkhani et al. 2011; Handel and Poltrock 2011). In
this section, we will outline how a laissez-faire method can be compatible with the
increasing need for global interoperability between local systems and, in its little
own, can contribute in going beyond the abovementioned tension by interpreting
such seeming opposition in a more dialectical way toward the development of
information systems that can be flexible enough to meet the local needs of data
producers’, i.e., the primary users of any information (Cabitza and Simone 2012c),
as well as the needs/expectations of some relevant data consumers (i.e., secondary
users) at the same time.

The relationship between the applications or functionalities that are developed
by end users to respond to their local needs and the information systems that are
conceived at the global level of the organizations has been investigated by Doerner
et al. (2009) by leveraging the component-based approach (specifically an evolution
of the service-oriented approach) and prefiguring an evolution of ERP systems that
increases the role of end users as “prosumers” thanks to the transformation of the
“cathedral” (i.e., ERP system) into a “bazaar” where end users can exploit the
flexibility of SOA architectures and cloud computing. With a similar perspective,
the contribution by Beringer and Latzina in this book illustrates the concept of
transformative user experience (TUX) “as a design approach in order to dissolve
the boundaries between applications and, to transform aspects of appropriation
[...]into an intrinsic capability of the infrastructure rather than a post-design phe-
nomenon inferred from observing how users interacted with the system. [ ...] One
way to achieve this flexibility is to underspecify the user interface of an application
to allow users to impose different meanings and usages on an IT-artifact at use
time. [ ...] With a transformative user experience approach, we can overcome [the]
concept of (unexpected) adaptation, and foresee ostensive usages by enabling tran-
sitions from one meaning to another in the system environment.” With this aim, they
introduce the notion of “elasticity” as a feature of both “containers” (that identify
dynamic working spaces) and of the objects they contain: elasticity makes them able
to take different meanings according to their dynamic contexts. On the one hand,
this proposal aims to overcome the rigidity of the component-based approaches to
EUD; however, on the other hand, it claims that “In a corporate work environment,
those transitions happen most typically between process-oriented backends and
task-oriented front ends,” thus linking elasticity to a predefined set of contexts and
therefore limiting the degree of tailorability of the resulting environment.

As aptly recalled by Lanzara (1999), “anthropologist Clifford Geertz has pointed
out that the more we try to make the world ‘global,” the more the world responds
with the emergence of multiple ‘local worlds’ and identities that seem to be

39 A short literature review of this concept can be found in (Cabitza and Simone 2013b).



11 Building Socially Embedded Technologies: Implications About Design 257

irreducible to one another.” In the same line but with a more technological
perspective, Ciborra (1992) suggests that “Top management needs to appreciate
local fluctuations in system practices as a repository of unique innovations and
commit adequate resources to their development, even if the systems go against
traditional approaches. Rather than looking for standard models in the business
strategy literature, [strategic information systems] should be sought in the theory
and practice of organizational learning and innovation, both incremental and
radical.” We believe that this passage offers an interesting stimulus to go beyond
the way in which firms conceive their (strategic) information systems. Actually,
letting information systems “[ . .. ] emerge from the grass roots of the organization,
out of end user hacking, computing, and tinkering” asks for a significant change of
perspective in IT design that is closely related to the performative and bricolage-
oriented stance we advocated in this chapter. Since “organizational learning and
innovation” occur where practices are and action is (Dourish 2001), we subscribe
the suggestion by Ciborra (1992) and Lanzara (1999) to start from this “local
dimension” to build a technological support that promotes firms’ vitality not only
for the sake of innovation but also for an effective every day performance. Moreover,
since “learning and innovation” are “both incremental and radical,” the requirement
of having different layer dynamics (or change rate) that was discussed in Sect. 11.5
can be put in relation with the need to cope with incremental and radical changes in
the organization itself and in the coevolving technology.

Our suggestion is to regard the “whole” not as a centralized and monolithic entity
(to some extent) but rather as the composition of “small” entities, highly specialized
to the local needs and highly connected in a web of loose connections linking “local
spaces,” i.e., peer nodes that are each characterized by local structure and semantics
(Bandini et al. 2007) and that are easily adaptable to unexpected contingencies since
they are concerned with (and hence control) a limited and well-known “piece”
of the world. Obviously, a need to make this new kind of “whole” coherent and
consistent with the overall good performance of the network would arise, which is
the main concern of any higher-level management unit. However, instead of having
the management promote (and enforce) coherence in terms of “obtrusive” control
of local behaviors and top-down ontologies to order resources, the management unit
itself might behave as a “local entity” with specific goals and expectations on data
produced by other units, expressed in terms of its own local quality level constraints.
These latter can be exposed as public expectations that other units can (or have to)
comply with to interoperate, once either the producer or the consumer have selected
what data structures are involved by these constraints and how these data have to be
arranged and aggregated to respect the consumer’s needs.

In this scenario, interoperability is achieved not by semantically enriching data
on the producer’s side, i.e., where those data are not natively attached with that
semantics, but rather by having consumers pragmatically express what data they
need, subscribe to a set of data that are exposed by producers, and, possibly, express
also how they need those data be presented (i.e., reported, typically in aggregated
form). In this view, the definition of “standard structures” (which play the role
of boundary objects (Star and Bowker 1999)) end up by regarding much simpler
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pieces of information, i.e., a subset of the operand constructs of one unit that this
latter exposes to the outside world (or to specific correspondent units, typically
of higher level in a social hierarchy). As said above, these latter items can be
considered as changing with a low speed rate, since they play a sort of minimum
data set that characterizes the unit at hand, but they are in any case easily modifiable
since they are not universally (and hence not rigidly) incorporated in more complex
structures. In this view, consistency has to be obtained by an effective monitoring
of the received structures, rather than by a prescriptive way on how to achieve
interoperability about them.

11.7 Conclusions

Let every careful man be very far from writing about things truly worthy of care. (Plato,
352 BC, 7™ letter)

The main claim of this chapter is that, in order to bridge the gap between
what users need and what is given to them as solutions to those needs, the
concept of design has to be substantially challenged and its role in IT development
reformulated: in other words, that the IT systems should be at least partially de-
designed (Cabitza 2014). To this aim, we submit that an old mythology of design,
which is based on the separation between conceptual design and situated use
and consequently on the modeling activity that entails this separation, should be
abandoned in favor of a new mythology. We advocate this new mythology be
grounded on both the notion of performativity, from the conceptual perspective, and
on the notion of (bricolant/actant) bricoleur from the more practical perspective.

Reviewing the main tenets of this mythology has brought us to introducing a
lean method for the development of socially embedded technologies, epitomized
by the motto “laissez faire les bricoleurs” and the preliminary proposal of a “logic
of bricolage” that specific environments should enact to empower end users in the
process of development of their tools.

Quite distinct from those who welcome the increasing blurring of the roles of
designers and users (e.g., Fischer et al. 2004; Johannessen et al. 2012), we do not
advocate that users should increasingly “act as designers” (and researchers work to
that aim). Rather, we rather believe that such an idea would foster an approach by
which users adopt a spurious attitude. There is a danger that users become people
who think to “design her own practices” as well (as claimed recently by Johannessen
et al. 2012). Conversely, the role of IT professionals and of end users has to be
characterized by a clear separation of concerns in the development of computer-
based supports of cooperative, organizational work: hard engineering-based design
of meta-systems for the former ones and bricolaging for the latter ones. Indeed,
we submit that this separation is at least conceptually (if not also pragmatically)
opposite to proposals that advocate a tight integration between, if not a unification
of, conceptual design and end-user practices (e.g., the participatory design and the
meta-design frameworks). This separation can have the advantage of making the
relationships between these two roles not only less harmfully ambiguous but also
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and above all more productive with respect to the timely and effective deployment
and maintenance of computational artifacts, since end users would be in full control
of this process.

As we have mentioned in Sect. 11.4, there are examples of technologies that can
be seen as steps toward the goal of letting users be in true control of the technology
they need and wish to use. At a cursory glance, these technologies implement
different kinds of platforms that enable users to perform bricolage-like activities in
which the pieces that these platforms make available are composed and arranged in
meaningful ways. However, there is still a long way to go in order to collect findings
that would confirm that there is an alternative way to design than the conceptual and
representational one that is currently ruling in our development methodologies and
professional practices.

Apart from any technical consideration, this new approach would require a
substantial change in the way young I'T-related students are educated for information
system design: this is traditionally based on a plethora of data models, from the
business-oriented one (the conceptual model) up to the more machine-related one
(the physical model), and on a collection of business process models and notations
by which to describe how work is (or should be) carried out on those data. However,
from a broader perspective, the main role that we have advocated for the develop-
ment of collaborative applications and information systems, namely, the role of the
facilitating maieuta-designer, would instead require an educational agenda that is
quite different. This would encompass, for instance, teaching the basics of social
informatics (Kling et al. 2005) and semiotics (de Souza and Leitao 2009; Beynon-
Davies 2011), some qualitative research methods and techniques aptly adapted to the
IT domain (Kling et al. 2005) and insights on current theories on IT impact on socio-
technical systems and on both change and risk management (Hanseth and Ciborra
2007), as well as notions of socially informed history of technological evolution
(Akera and Aspray 2004) and its interpretation from the humanities (Oudshoorn
and Pinch 2005). The point is that all three of the roles we discussed in Sect. 11.5.3,
namely, the user (as expert of the setting), the facilitator (as domain expert), and
the IT developer (as expert of infrastructural concerns), should receive a newly
formulated or seriously revisited educational program so that an effective way to
take “human actors” seriously can be promoted again (Bannon 1992).

On the other hand, the layered conceptual architecture that we have illustrated
has still to prove its practical value in a reasonable range of application domains (or
settings) where legacy systems do exist and cannot be “obliterated”*’: our personal
research experience makes us confident that such an architecture is promising for the
case of document-based, knowledge-intensive collaborative (information) systems;
although many such systems can be found in the world out there, we are aware
that this macroclass of applications simply does not cover all IT-based supports.

40To make a very long story short, legacy systems that automated data structures can — and should —
be preserved and wrapped as new local nodes of the network described in Section 6.2; but what
destiny to give to those legacy systems that once “automated” procedures and workflows. .. ?
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In any case, in order to go a step further in this direction, better platforms and
environments supporting an effective and reliable EUD approach are needed. We
have proposed some basic principle on which these systems could all be based on:
decoupled modularity of information and control structures, loose integration of the
latter ones in terms of recomposition of elemental common constructs according
to local needs (as opposed to the construction of unifying general schemes), full
homogeneity across the layers for the construction of aggregated functionalities so
that users can access them and operate with them with the same high-level language,
and finally, tools supporting the technology development and managing its intrinsic
complexity that are based on users’ building practices (vs. the introduction of more
or less “hard” engineering tools in EUD).

The two brief (and necessarily partial) outlines of the current discourses on
performativity and bricolage, as well as our discourse, encompass notions like the
task-artifact entanglement, the requirement of universatility for EUD environments,
the concept of the (bricolant and actant) bricoleur, the foundation of a logic of
bricolage, the distinction between maieuta-designers and traditional designers (also
on an educational level), the laissez-faire method as a purposeful way to cope
with the complexity of any socio-technical system and de-design its “technical”
component, and even the scant peek to the local/global illusion; these are all notions
provided as pieces of a bricolage. Like any bricolage, we do not see a particular
truth in any of the pieces we brought together in this chapter; rather we have argued
about the potential of the resulting jigsaw puzzle, in our opinion coherently kept
together by the mythology of the performative end users, as a whole to come out
being useful. Obviously our hope is that the EUSSET forum will host many similar
discourses and give them some sort of legitimacy to inform common initiatives of
research, education, and IT professional practice in the near future.
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Chapter 12
Exploring Challenging Environments:

Contextual Research in the Car and the Factory
Through an HCI Lens

Astrid Weiss, Alexander Meschtscherjakov, Roland Buchner, Ewald Strasser,
Patricia M. Kluckner, Sebastian Osswald, Nicole Mirnig, David Wilfinger,
Nicole Perterer, Petra Sundstroem, Arno Laminger, and Manfred Tscheligi

Nontraditional environments offer a variety of methodological challenges when
exploring cooperation under very specific contextual conditions. We understand
contexts as challenging when they exhibit very specific/unique characteristics that
need to be explored beyond traditional and already better-understood working/office
settings. Moreover, these challenging environments are contexts in which human-
human interaction mediated by computing systems and human-machine collabora-
tion is hard to observe. In this paper, we focus on two challenging environments:
the highly context-dependent automotive environment and the complex context of a
semiconductor factory. Both contexts offer potential in a variety of ways for novel
computer-supported cooperative work research, such as driver/codriver cooperation
and operator-robot cooperation. In this book chapter, two exemplary contexts “car”
and “factory,” will be characterized in terms of (1) research challenges posed by
the context, (2) performed exploratory studies, and (3) methodological implications
for the two exemplary contexts, as well as for CSCW and HCI research practices in
general.

12.1 Introduction

Over the past years, the field of human-computer interaction (HCI) and computer-
supported cooperative work has moved beyond the desktop and, by going into the
field, has started to explore novel forms of interaction in different contexts. Various

A. Weiss * A. Meschtscherjakov ¢ R. Buchner ¢ E. Strasser * PM. Kluckner ¢ S. Osswald
N. Mirnig » D. Wilfinger * N. Perterer ¢ P. Sundstroem * A. Laminger « M. Tscheligi (><)
Centre for Human-Computer Interaction, Department of Computer Sciences, University of
Salzburg, Salzburg, Austria

e-mail: manfred.tscheligi @sbg.ac.at

© Springer-Verlag London 2015 271
V. Wulf et al. (eds.), Designing Socially Embedded Technologies in the Real-World,
Computer Supported Cooperative Work, DOI 10.1007/978-1-4471-6720-4_12


mailto:manfred.tscheligi@sbg.ac.at

272 A. Weiss et al.

theories and models to motivate context-oriented thinking have been proposed, such
as approaches to “situated action,” suggesting that the particular context determines
how people behave in specific situations (Suchman 1987). The essence of situated
action is that every experience is influenced by, and is constitutive of, the context in
which it occurs. An in-depth understanding of context enables application designers
to choose what context factors to consider in their applications (Dey 2001).

Since then, the research community became more and more interested in under-
standing not only the individual interacting with technology but the social context
in which technology usage happens (Nardi 1992). Different social science methods
(ethnographies, interviews, observations, etc.) and theories (distributed cognition,
activity theory, situated action, etc.) entered HCI and CSCW and were used to
gain knowledge about various domains. Enhancing the knowledge/understanding
of specific contextual situations with deeper insights on user experience (UX) opens
up new roads for research and challenges in all design and development phases.
Notwithstanding this, however, Roto et al. stated that specific and comprehensive
guidance for capturing data about the circumstances that affect user experience in
“the wild” is missing (Roto et al. 2011).

By addressing the specific and challenging contexts of a semiconductor factory
and a car as HCI research domains, we provide two examples how such contexts
can be explored from an HCI perspective in order to enable cooperation between
multiple users (as well as users and robotic systems in the factory). In this chapter,
we follow an overview on HCI and CSCW approaches in various challenging
contexts (e.g., the health sector and airplanes) by presenting the two specific
contexts mentioned above. For both contexts, we will present our overall approach
and our interpretation of the context with its potential to enable cooperative
activities, followed by the research challenges these contexts offer. We will then
describe, for both contexts, how we tried to explore them and what findings we
could glean. Finally, we will present the specific methodological challenges we
derived for both contexts and conclude with how these findings and implications
can be of relevance for fellow HCI and CSCW researchers.

12.2 HCI Studies in Challenging Contexts

Several methodological approaches already exist in HCI and CSCW to explore
contextual influences on workflows and interaction paradigms, which can build
the empirical basis for design implications (Dourish 2006). Beyer and Holtzblatt,
for instance, developed the methodological concept of contextual inquiry, which
puts designers and engineers directly in the customers’ work context, for gathering
rich, in-depth data about working routines (Beyer and Holtzblatt 1998). Similar
approaches used in HCI and CSCW are ethnographic studies, which are field
research methods that combine several data-gathering methods such as participant
observation, formal and informal interviewing, and the analysis of documentary
sources (Powdermaker 1966; Wax 1971; Werner and Schoepfle 1987). Ethnography
provides detailed insights into people’s behavior, even if they themselves are
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unaware of it. Using ethnography (Fetterman 1998) has become increasingly
prominent within HCI (e.g., Blomberg et al. 1993; Simonsen 1997; Crabtree 1998;
Randall et al. 2007). The rapid ethnography method was subsequently developed for
product development in order to close the gap between short design cycles and the
long, complex nature of ethnographic research (Millen 2000). Originally, ethnog-
raphy in HCI mainly focused on empirical studies of work routines in the setting
for which a novel system should be developed. However, as Crabtree et al. phrase
it, “the dominant concern for new approaches is to engage designers instead in a
critical dialogue based on cultural interpretations of everyday settings, activities, and
artefacts” (Crabtree et al. 2009). This also expresses our concern that we need to find
new approaches for nontraditional environments (such as the car and the factory) to
gain an understanding of the interplay of tasks, devices, and the (social) context.

As Magnusson et al. claim, there are contextual impact factors, which can only
be identified through fieldwork of some kind and which need to be identified before
designing a system (Magnusson et al. 2011). They suggest, for the development
of mobile devices, to raise the understanding of such contextual constraints by
conducting contextual walk-throughs, contextual trials, and key scenarios. They also
argue that for a more accessible mobile device design, designers have to consider
nonoptimal usage conditions, since mobile situations are very dynamic and change
very quickly. Subsequently, usage scenarios for mobile phones should consist of
nonoptimal lightning, noisy environment, cold hands (which reduce the touch-sense
ability), and the context which requires attention (other people, traffic, etc.).

Two prominent challenging contexts, which have already been intensively inves-
tigated through an HCI lens, are the healthcare sector and airplanes. To gain deeper
insights in the context of a Danish emergency medical service (EMS), different
usability methods were applied to be able to build a set of designs for future EMS
work (Kristensen et al. 2006). In total, 13 researchers took part in a 3-day training
session, normally conducted with new personnel, to get a step-by-step introduction
into the EMS. The interviews helped on the one hand to understand the end users’
needs, as well as the use and usability of dictation solutions and electronic nursing
documentation systems. On the other, however, researchers had to face similar
challenges as in the factory context, such as privacy concerns, a wide variety of
practices and contexts of technology usage, as well as the hectic nature of everyday
work (Viitanen 2011). In the context of airplanes, one of the most well-known
observational studies was conducted by Hutchins and Klausen. Based on the theory
of distributed cognition (how information is propagated through a system in the form
of representational states of mediating structures), they analyzed airline flight crews
performing in a high-fidelity flight simulator (Hutchins and Klausen 1996). It was
shown that the expertise of the systems resides as much in the organization of tools
in the working environment as in the knowledge and skill of the humans. They also
observed patterns of cooperation and coordination of actions within the crew, which
could be identified as a structure of propagating and processing of information. On a
different level, this structure appears as a system of activity where shared cognition
comes forward as a system property. Ballas et al. investigated how to design an
interface that supports smooth transition from automated to manual mode to control
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possibilities for pilots of an aircraft. They found out that intermittent operations of
complex tasks in the cockpit are more effective using direct manipulation interface
in a variety of dynamic, real-time systems. They showed that, when increasing the
cognitive complexity of an interface, it adversely affects the resumption of its use
after a period of time (Ballas et al. 1992).

Another challenging context, also explored through an CSCW lens, is that
of fire fighting. Ramirez et al. describe how a combination of empirical work
and prototyping in real fire fighters’ training settings informed the design of
the landmark concept to develop an indoor navigation system for fire fighters
(Ramirez et al. 2012). Other difficult areas include the context of a paper mill.
There, contextual research was conducted in order to understand work activities
of production crews and the social and information infrastructure that support
them (Auramiki et al. 1996; Robinson et al. 2000) and, subsequently, to inform
the design of a collaborative interface. Furthermore, studies at several industrial
assembly manufacturing units have been conducted to inform the design of a mobile
support system for service technicians (Fallman 2003), ethnographic studies to
understand working practices of print facility workers (Martin et al. 2007), and how
a combination of ethnographic and human-centered design methods could inform
the development of a CSCW system in a power tool organization (D’Souza and
Greenstein 2003). More recent studies in the oil and gas industry were conducted
to gain insights on the shift team of who is working in and across the industrial
environment and the control room (Heyer et al. 2009; Heyer 2010).

Similarly, initial contextual studies have already been conducted in the car
context through an HCI and CSCW lens. For instance, the contextual inquiry
technique was used by Gellatly et al. to inform future automotive designs by the
means of interviews which were conducted with the participants while driving
(Gellatly et al. 2010). Another way to obtain naturalistic driving behavior is to make
use of video data from vehicles in the field. An often cited example is “The 100-Car
Naturalistic Driving Study” (Hanowski et al. 2006). Their goal was to obtain data on
driver performance and behavior in the moments leading up to a crash. Therefore,
they equipped 100 cars with video cameras over a span of 13 months. Their video
analysis helped to understand crash causation and driver behavior. Brown and
Laurier (Brown and Laurier 2012) use interactional analysis of video data from 15
naturalistically recorded journeys with GPS to understand the navigational practices
deployed by drivers and passengers.

To summarize, challenging contexts beyond the office have already been investi-
gated through an HCI lens by means of (observational) studies in the wild. However,
to our knowledge, relatively little light has been shed on the factory and car context,
especially in terms of identifying cooperation potential. In most of the cases in
factories and in cars, the focus is on the individual user, namely, a single operator
or the driver. However, as we will show in this chapter, cooperation happens in both
contexts and could be additionally fostered by novel interface technology. In order to
do so, we need to have an understanding of interaction paradigms in these contexts,
and consequently there is a need for novel methodological approaches which allow
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us to capture the interplay of entities and factors in these contexts. In the following,
we will present the semiconductor factory and the car as challenging contexts for
HCI and CSCW research.

12.3 The Semiconductor Factory as Challenging Research
Setting

The first exemplary nontraditional context we choose for HCI and CSCW research
is the context of a semiconductor factory. The overall purpose of a semiconductor
factory is to manufacture as many error-free integrated circuits as possible. A
fundamental step during manufacturing is the processing of the wafers, which are
thin slices of semiconductor material, such as silicon crystal. Wafers are typically
combined into groups of 25 or 50 pieces and stored in plastic containers called
“lot boxes.” Each of these lot boxes has to complete a distinct path through
the factory, during which it undergoes different processing steps (e.g., etching,
exposure, etc.) performed on various equipment (i.e., the machines for processing
the wafers). Many operators working on several different machines have to be
coordinated to guarantee an efficient production process. From the point of view
of single operators, it is not obvious what other colleagues work on and how
the progress of the whole production process proceeds, as it is distributed over
several halls and buildings. Understanding the factory as a collaborative socio-
technical environment has the potential to develop new supportive interfaces that
can enhance human-human cooperation but also human-machine cooperation, with
a manufacturing robot. Thus, the overall aim of our research is to thoroughly analyze
the semiconductor factory context to be able to redesign existing working routines
and, therefore, develop novel contextual interfaces, which support cooperation
between different (social) actors (e.g., operators, maintainers, shift leads, but also
robots) over different departments, halls, and buildings. In order to gain this
understanding, we need to apply and adapt methodologies from HCI and CSCW.
When researching the factory context, the biggest challenge we have to face is
its complexity. Even though a semiconductor factory is a very controlled setting
in terms of environment factors such as lighting conditions, dust particle control,
and ambient noise, the interplay between the different actors and the working
procedures is difficult to capture. At the factory with which we cooperate, the
operators are relatively flexible in their activities, since they can decide which lot
boxes to handle next.! This flexibility is often in contradiction to the normally
high level of automation in a semiconductor factory. Therefore, a synergetic
relationship between human operators and the surrounding technologies should be
achieved by the means of “smart automation.” A combination of different radio

The company has directed its European subsidiaries towards the development and production of
new technologies, which results in short production cycles and a high degree of flexibility within
the whole production system, which increases its complexity for external observers.
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Fig. 12.1 Integration of smart automation technology in the production process in the factory

technologies with ultrasound technologies, innovative hardware (e.g., RFID), and
software (e.g., message bus architectures) technologies have already been integrated
in the production process to support operator coordination. Figure 12.1 gives an
overview of how existing smart automation technologies are already implemented
in the production process of the factory with which we cooperate.

Smart automation technology should enable that wafers run through the factory
as fast as possible with little idle time, resulting in a maximized equipment load. As
Fig. 12.1 shows, the general procedure is always the same in every section. (1) The
wafers are stored in lot boxes in groups of 25 or 50 pieces and have to be transported
to the right section. (2) They are then stored in the delivery rack where (3) an
operator has to load the right equipment with the right wafer. (4) The wafer then gets
processed, and (5) finally the equipment needs to be unloaded (afterwards the cycle
starts again in the next section). Lot boxes are equipped with so-called DisTags.
These DisTags are interfaces placed on each lot box providing several functions:
identification, position tracking, announcement of the next production step, and
error prevention by recognizing that a lot box was put into wrong equipment.
The information provided by DisTags can, therefore, support the operators in their
decisions, which tasks have to be conducted next and which processing steps should
be applied to a lot box.

These production routines pose general challenges that come with the cleanroom
environment. First, the factory is productive 24 h, 7 days a week, and 365 days a
year. Second, various different tasks and tools implicate a high complexity. Third,
special equipment such as cleanroom suits and cleanroom paper is required, and
all electronic equipment (cameras, audio recorders, etc.) has to be carried in extra
plastic bags. Exploratory research in the cleanroom is demanding, where work is
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conducted constantly in an air-conditioned area kept at 21 °C. There is only artificial
yellow light, and operators are on their feet for 8 h, observing repetitive tasks.
Researchers are also required (as all operators in the cleanroom) to wear the special
cleanroom suit (see Fig. 12.3, second row, right corner), which makes it difficult to
identify with whom one is speaking to. Acoustic quality is also limited, making it
difficult to hear. Special paper and pens have to be used for documentation in the
cleanroom, which are much smoother than conventional ones and produce fewer
particles by friction while writing on the paper. Writing feels like using a thick
ballpoint pen with waterproof ink.

These facts and the risk of industrial spying are the reason why only a few studies
of exploratory nature exist in that area. Only a limited number of studies on HCI
and user-centered design have been conducted in the context of the cleanroom so
far (see, e.g., Lin et al. 2009; Mechtscherjakov et al. 2011). In these studies in
which ethnographic and CI approaches were applied, only the working routines of
operators were investigated. Other social actors in the cleanroom (e.g., shift leads,
maintainers, or robots) were not at all considered. However, it proved to be useful
for the requirement analysis phase of cleanroom prototyping to use observational
methods to inform the design.

Another challenge is the size of the factory. As mentioned before, wafer pro-
duction is separated into different processes, with the so-called recipe defining their
sequence. In other words, different types of wafers follow a different path through
the factory. The main standard processing procedures are conducted in the following
different sections: chemical clean, photolithography, plasma/chemical etch, ion
implant, and metal deposition/oxidation. Operators in these sections in general
have to do the same basic tasks, but are specialized in the different processing
steps. However, the sections themselves are again split into different subareas;
for example, the lithography section is divided into coating and development,
exposure, cluster, and photo-control. Photo-control in turn is a step which can
only be performed by more experienced operators. In other words, the work in
the factory is distributed over four halls (in total 19.282 m? cleanroom space),
sections, and subareas, and the overall processing of wafers depends on the single
steps performed by operators who are locally distributed over the cleanroom, and,
therefore, the information is also distributed over various actors. This fact leads
to special research challenges in every section, which again demonstrates the
complexity of this research context and the necessity of becoming a domain expert
before developing reasonable solutions for interfaces that can sustainably enhance
cooperation between actors.

Subsequently, for our point of view, the semiconductor factory itself offers a
huge potential for HCI and CSCW research to develop novel systems that foster
cooperation between different social actors in the factory (operators, maintainers,
shift leads, etc.) over different halls and buildings, such as intelligent guiding
systems, feedback statistics which represent how single operator performance
impacts the overall factory performance, and many more. However, we have to
face several research and design challenges in order to gain sufficient domain
understanding to develop useful systems for this difficult context and its actors
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(Chamberlain et al. 2012). Therefore, we need to understand the semiconductor
factory as a holistic concept, which is set up as a complex interplay between humans,
interfaces, and (smart automation) technology.

12.3.1 The Holistic Factory as Cooperation Space

In contrast to offices where employees sit at a desk in front of a single computer,
operators within a cleanroom have to move between several kinds of interfaces
to gain all the information needed. This leads to the necessity of researching and
developing communication interfaces, which accompany operators throughout the
cleanroom and contain context-relevant information. From an HCI and CSCW
perspective, the factory context can be considered as a triangle, which describes
the potential interaction strategies in the cleanroom from an (1) equipment-specific
view, (2) a unified interface view, and (3) a user-centered view.

The equipment-specific view is historically the first approach taken in the
factory. In a semiconductor factory, there are five major process areas in wafer
fabrication: chemical clean, photolithography, plasma/chemical etch, ion implant,
and metal deposition/oxidation. Each of these areas consists of different machines
with specific interfaces. Even within the areas, the different manufacturers use
their own type of interface. This leads to a multitude of different interfaces in the
cleanroom. As seen in Fig. 12.2, specific and inconsistent equipment interfaces can
be identified within the factory with which we cooperate. From a user perspective,
this leads to various problems. Users have to become experts in interacting with
different interfaces and various interaction modalities. This leads to a reduction

Fig. 12.2 Equipment interfaces at the factory: the first row shows the heterogeneous signal lights
of different equipment (depending on the manufacturer); the second row shows the heterogeneous
interfaces, which can be used to control equipment
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Fig. 12.3 The FabCockpit as unified interface for all kinds of equipment

in overall efficiency. An operator for the most part only knows the superficial
commands and is unable to deal with difficulties or exceptions. Thus, specialists
for each machine are required. New operators are confronted with a steep learning
curve. To take up an analogy from computer science, this would resemble the era of
mainframes, where only specialists are able to interact with computers.

The unified interface view is the next step in the development of the factory.
The main idea is to unify the different interfaces of the equipment into one
consistent interface. At the factory we cooperate with, this approach is partly already
implemented. Every machine is coupled with a windows PC showing a program
called FabCockpit (see Fig. 12.3). The FabCockpit looks exactly the same way
for every machine. This leads to more flexibility, as operators can handle a wide
range of machines. Also the ease of learning for new employees is improved.
Yet this interface does not differentiate between the individual operators. At any
time, all possible information is shown without taking into account either the
interaction context or the user. Furthermore, the user only operates optimally on an
individual level, not taking the entire factory into account, which is again a source
of inefficiency.

The cooperative (but personalized) user-centered view is our future envisioned
development for the factory. This view is focused on how a specific user and his
working context can be linked with the working context of his/her co-workers
(considering different roles, such as operators, maintainers, shift leads, etc.). The
displayed information will be tailored for the individual within a specific situation
taking contextual influence factors into account. We call this type of interface a
“contextual interface,” and its deployment in the factory should enhance zero-defect
production by means of improved collaboration between the different actors in the
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factory. However, before we can develop these interfaces, we need to explore the
context with suitable adapted methods from HCI and CSCW. In the following, we
will present our approach.

12.3.2 Exploring the Factory

To gain insights into the context of the semiconductor factory and to establish a
mutual understanding between university researchers and industrial practitioners,
we used various observational methods, such as ethnography, contextual inquiry,
participatory observation, and cultural probing. Intensive discussions about different
styles of “ethnographic” research in HCI can be found elsewhere (e.g., Newman
2009; Dourish 2006) and are not in the focus of this chapter. In general, all
methods presented here can be considered as “contextual” and “observational.”
They follow the most common HCI study design of “formative ethnographies”
(Rode 2011), as they were done in order “to understand current practice or current
practice surrounding technologies with an eye towards improving or creating new
technologies.” The different methods were intentionally chosen in order to suit the
target group and the exploration aims. Overall, we explored four different main
actors in the semiconductor factory:

1. Operators: the workers in the cleanroom who take care of processing the wafers

2. Maintainers: the workers in the cleanroom and the grayroom (i.e., the backstage
of the cleanroom which has a higher particle rate allowed in which equipment
can be repaired without disturbing the production line)

3. Shift leads: the workers who link production and maintenance work and structure
the work of the shift cycles

4. Robots: they take over more and more routine tasks in the cleanroom and
therefore change the working conditions for operators and maintainers in the
factory. We took the view that they should be considered as acting entities in the
cleanroom which, in some sense, collaborate with operators and so constitute a
special artifact in the factory context

Table 12.1 shows an overview of the studies with their goals, applied methods,
and their rational. As a detailed description of every methodology would extend the
scope of this chapter, references to the relevant publications with details are added.

Studies researching the operators were conducted as ethnographies, where
researchers actually worked like trainees in the factory to learn about existing
systems and working routines in the etching and in the implantation department
(Meschtscherjakov et al. 2010, 2011). Maintainers were in parallel studied with a
contextual inquiry approach, as maintenance work is too complex to be understood
in short-term ethnographic studies (Kluckner et al. 2012, 2013). In many cases,
maintainers worked in production before they are skilled enough to change to
maintenance work. We then decided to study shift leads, as we identified in our
studies with operators and maintainers that shift leads often build the link between
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operators and maintainers and are crucial for successful cooperation and production,
but have very limited technology support for their work (Osswald et al. 2012).
Finally, we explored human-robot collaboration in the factory in order to find
out how the increasing deployment of robots in the factory is experienced by
the operators and to identify possible changes in the cooperation between them
(Buchner et al. 2012, 2013a). In the next sections, we will present an overview on
our contextual findings followed by the overall methodological implications for the
challenging factory context.

12.3.3 Special Context Findings

Besides developing redesigns for specific interactional problems and for specific
actors in the cleanroom, our goal is to gain a thorough understanding of the
semiconductor factory as a CSCW and HCI research context. This is of major
importance for us, as we do not want to be caught in the trap of HCI research
projects, which only “result in local solutions to local problems” (Hayes 2011); we
want to build a descriptive model of the semiconductor factory from the empirical
data gained in all our observational studies as “mosaic bricks” (see Fig. 12.4). We
base our context model on the definition of Dey (2001), who coins context as “any
information that can be used to characterize the situation of an entity. An entity is a
person, place, or object that is considered relevant to the interaction between a user
and an application, including the user and applications themselves.” To narrow that
definition, our understanding of context takes into any contextual information of
the semiconductor factory in account, which is relevant for an “interactive task”
(meaning a task in which the user has to interact with a computing system in
order to achieve a specific work step). The overall context model consists of three
main parts: the user/personal context, the application context, and the real-world
context. All contextual factors we have identified so far in our observational studies
can be mapped on this overall context model for the semiconductor factory (see
Fig. 12.4).

This context model should contribute to the existing understanding of collab-
oration contexts in HCI and CSCW by identifying and describing all relevant
influencing factors prior to developing novel “contextual interfaces” that should
foster cooperation between workers. Interface developers should be aware of
potential influence factors, which might serve as a key resource for identifying why
a new interface is successful or not; the context model thus serves as an empirically
grounded design space.

All environmental factors (e.g., lightning conditions, ambient noise, etc.) are
mapped to the environmental/physical context that affects the perception of the
user (1). Work conventions and the reliability of a user interface are considered
as relevant information for the user to perform a job correctly and are, therefore,
mapped to the information context (2). Attributes, which characterize our target
groups (e.g., computer literacy, basic education, work experience, etc.), are mapped
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to the personal knowledge and experiences of the user (3). Traditional usability
aspects and distraction factors are mapped to the personal experience of the user
(UX), as they influence how the user responds to a system (4). However, some of
these aspects such as ease of learning, information load, and the heterogeneity of
interfaces are also part of the user interface context (5). The architecture behind the
interfaces and the core functionality of systems in the factory are mapped to the
application context (6). The solidarity with co-workers and the working atmosphere
are attributes of the group, which are mapped to the social context of the user and
the other actors he/she has to work within the factory (7). Finally, regarding the
temporal context, we have to consider the different shift times as well as that the
perception and response towards a system might change over time (8).

Clearly, some factors have to be mapped into more than one group, as they have
different specifications and influences. For instance, the cleanroom suit influences
a series of context parts in this model. First of all, it has an impact on the way
the environment is perceived (user/personal context (1)). The cleanroom suit also
influences the social context, as it is hard to identify other people (real-world context
(7)). Finally, it has an impact on the interaction with the user interface (e.g., reduced
tactile feedback, limited field of view, etc., user interface (5)).

In general, the presented semiconductor factory context model does not aim for
completeness; it should be considered as an abstraction of an interaction context
through an HCI lens. We, thereby, follow the claim of Brooks, who argued that
HCT specialists need to develop an appropriate abstraction that “discards irrelevant
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details while isolating and emphasizing those properties of artifacts and situations
that are most significant for design” (Brooks 1991). This abstraction process shapes
our thinking of the context, enables better designs of contextual interfaces for future,
and eases the communication with our industrial partner.

Furthermore, the descriptive context model is added by relevant phenomena
about the context derived from empirical observation, which builds our basic
understanding for future HCI work in terms of prototyping and evaluation activities
for the semiconductor factory. In the following, three phenomena are presented
exemplarily.

1. Novice operators and expert operators perform tasks differently:
(User/Personal Context)
Novices are supposed to update equipment states and use tool-tip information
offered in the FabCockpit. They are specialists only for selected tools and
equipment. Experts train novices on the job, which is only possible in idle times.
They consider their tasks as more sophisticated than general operator tasks and
do not always trust system recommendations, but add their personal experience
to decision-making processes. In other words, experts consider their experience
as more effective than when slavishly following system advice.

2. Tasks differ in their complexity:
(Application Context/Task Context)
Lot delivery is a traditional task for novice operators, as it can be done
correctly without support after approximately 1 week. Loading equipment with
pre-assigned lots is also a classical novice operator task. Ambient distraction
aspects (e.g., blinking equipment lights and equipment sounds) impact the task
performance of novices during approx. the first 6 months.

3. Characteristics of human-human and human-system cooperation:
(Social Context/User Interface Context)
Shift groups first try to optimize their in-group performance and in a second
step support other shifts. Training on the job is done by expert operators in idle
times and is a key success element for overall productivity. Intelligent systems
such as the DisTag are not considered to be fully trustworthy (a function of a
more general distrust in the IT department). Operators with long experience often
prefer established single systems as compared to novel integrated systems (e.g.,
configuring equipment directly over the equipment interface instead of using the
FabCockpit).

Finally, the mapping of factors to the model helped us to identify knowledge
gaps. As all our knowledge thus far was gathered through a user’s viewpoint,
we lacked knowledge on the application context. Knowledge in that area is of
importance as it helps us to understand the constraints of prototyping interfaces
better. This lack of knowledge needs to be filled by gaining insight in the system
architecture of the interfaces, e.g., how the interplay between data basis work and
where which information is stored. These are facts, which are important to know as
they could affect the simulation of the context (e.g., in terms of timing aspects and
information retrieval options) and the interfaces in the lab. Currently, we fill this gap
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with knowledge-transfer workshops with IT developers of the factory, in which the
context model serves as communication basis. These workshops, moreover, give us
insights into the historical development of existing systems and tools. Thereby we
can close knowledge gaps, we are currently aware of in our semiconductor context
model.

12.3.4 Methodological Implications

Our goal was to thoroughly analyze the semiconductor factory context to be able
to redesign existing working routines and therefore develop novel contextual inter-
faces, which support cooperation between different social actors (e.g., operators,
maintainers, and shift leads) over different departments, halls, and buildings. On
spending time in the context as researchers, we found out that the “wilderness” of the
factory is even more challenging than expected from a methodological point of view.
Gathering data in the cleanroom turned out to be a challenge, as audio recordings
can hardly be understood due to the ambient noise. Taking video footage is not
allowed due to confidentiality agreements, and taking notes on cleanroom paper
with cleanroom pens takes longer than normal handwriting. However, these are only
the “practical” challenges. In the following, we will present our methodological
lessons learned for all the studies listed in Table 12.1 above and, subsequently,
describe our ideas as to how the next steps of iterative design (namely, evaluation of
system and deployment in the cleanroom) could be conducted.

12.3.4.1 Gathering Observational Data in the Cleanroom: Lessons
Learned

Several lessons are to be learned in relation to the efficacy of our enquiries. Clearly,
we chose methods that we deemed best suited to achieving our exploration goals.
However, each study method still involved advantages and disadvantages.

For the ethnographic studies, it turned out that the shift cycles are the biggest
challenge, as the researchers could not adapt their day and night rhythm according
to the shift cycles for just 1 or 2 weeks. However, seeing as many shift cycles as
possible turned out to be important, as working routines change between shifts (e.g.,
the night shift is less stressful than the other shifts due to less work load and less
operators in the halls) and as different operators work in different shifts (which
implies an information loss, if one shift is missed out). The specific shift cycles
our researchers were working in were the morning shift from 6:00 to 14:00 and the
afternoon shift from 14:00 to 22:00. Additionally, it took the researchers 2—4 h to
write down the notes for each day. Together with the 8-h shift work, this leads to a
10-12 h working day. We quickly recognized that this time schedule had a negative
impact on the quality of the notes. First, shift work itself is already very demanding
(constant concentration, high cognitive load, and unfamiliar cleanroom conditions),
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and second, there is too little time to take well-formulated notes. In other words,
after a morning shift, the researcher has to write field notes after 8 h of demanding
shift work. After an afternoon shift, the researcher was more likely to sleep and
write the field notes the next morning.

Thus, in the second ethnography, we decided that researchers only work in the
afternoon shift cycle, which was better suited in giving the researchers time for both
working in the cleanroom and reflecting on it. In the first and second, ethnography
limited themselves to keywords during the study and reworked them with the help of
the audio records after every shift and after the completed field phase. This proved
to be satisfactory, and the researchers had few if any problems of recall. The third
ethnography completely waived field notes and only used the subjective memories
combined with the audio files to fill identified knowledge gaps in the context model.
The audio recordings, however, proved to be of utmost importance (despite their
quality) as the work in production is characterized especially by monotonous and
repetitive tasks, which are hard to remember. In order to respect privacy issues, the
audio recorder was carried around visibly for everybody.

For future ethnographic studies, we plan to take into account the differences
between the shift cycles (i.e., the different working routines for the operators and for
the researchers). The ethnographic observations of the usage of our novel contextual
interfaces in the actual cleanroom will be performed during the morning, afternoon,
and night shift, whereas note-taking will be replaced completely by an audio diary,
which will be transcribed and interpreted after the complete study.

Regarding the contextual inquiry with maintainers, it has to be mentioned that the
work of maintainers is very different, depending on the department for which he/she
is responsible and the functionality problems that can arise from different equipment
types. Thus, it is difficult to explore “general” maintenance activities as these vary a
lot between departments. Even for the departments in which we spent more time and
accompanied several maintainers, a four-day contextual inquiry was not sufficient to
come across all standard maintenance activities, and only a limited number of acute
troubleshooting/fault repair activities could be observed. Moreover, maintainers are
expert employees, important for keeping the 24/7/365 “zero-defect” production
running; in other words, maintainers should not be distracted in their work and are
only interviewed in idle times (which are very limited due to the requested standard
maintenance activities). Subsequently, we did not get the chance to accompany
maintainers with the highest skill level. We were, however, able to follow beginners
and process managers, who have to use the same tools for reporting their work as
maintainers. Our picture of all maintenance activities cannot be considered as 100 %
thorough but provides a “good enough” insight into their usage of existing reporting
tools (which are very similar over the different departments). We also conducted
a reflection workshop with maintainers, managers, and process mangers, which
allowed us to close knowledge gaps with experiences from different working groups.
For future contextual inquiries with maintainers, we will more precisely specify the
department of interest with our industry partner and, based on an expert interview
with an experienced maintainer, define which main tasks need to be observed to gain
a thorough understanding of the work routines.
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Regarding the cultural probing study with shift leads, we learned a lot about
the material we used. We intentionally developed a booklet with a large variety of
probes and topics so every participating shift lead could find at least one topic of
interest to fill in. However, we learned that not all of our probes could be filled in
by every shift lead to the same degree, as not all of them have exactly the same
work routines. Some shift leads are not working in production, but in the quality
assurance or the laboratory. When we reported the results back to the shift leads,
we got the feedback that the rather low response rate (only one third of the booklets
were actually filled in and returned) can be explained by the fact that filling in the
booklets at home was considered as an extension of the working day and that the
very open format made it difficult to answer the questions. The shift leads preferred
a short questionnaire (which we developed based on the probing results) in order
to quantify the probing results. However, clearly this questionnaire could not have
been developed without the probes, and we, as researchers, were satisfied with the
quality of the data.

Regarding the participatory observation (i.e., the operators were aware that
they are observed during their work) of operators interacting with the robots in
the cleanroom, we learned about the necessity to have a technician accompanying
us. Only with the additional comments and explanations of the technician was
it possible for us to interpret the behavior of the operators (without disturbing
them during their work) and also to understand the actions of the robot. However,
the disadvantage was that operators felt even more observed during the work, as
both a researcher and a company person “monitored” how they interacted with the
robot. During the participatory observation, it became obvious that operators were
not willing to discuss their real attitude about the increasing amount of robotic
systems in the cleanroom (potentially due to the fact that they were afraid to
be replaced by robots at some point). Therefore, we developed a supplementary
questionnaire out of the observational data. The operators were willing to fill in this
short questionnaire (with closed questions) that guaranteed them 100 % anonymity
as it was directly sent back to the researchers and was not collected by the company.
For future studies on robots in the cleanroom, we plan to keep this two-step approach
of qualitative and quantitative data gathering. Currently, we are in discussions with
the work council to collect video-data on how the operators interact with the robots
over a longer period of time in order to have more observational data that can
be quantified by the means of video annotation to explore usability issues of the
operators when interacting with the robotic systems.

12.3.4.2 Evaluation of Cleanroom Redesigns: Field vs. Lab Trials

In addition to the methodological lessons learned from our requirement studies in
the cleanroom, we had to make methodological considerations of how to evaluate
novel contextual interfaces in terms of their ability to increase the cooperation
between the various social actors in the factory. Clearly, natural interaction with our
prototypes, such as an intelligent guiding system for the operators called “Operator
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Guide” (Meschtscherjakov et al. 2010) and a mobile maintainer interface, which
communicates the repair states of machines back to the operators, can only be
evaluated in the “wild” and over a longer period of time to make ecologically valid
statements. As it is understood by Rogers (2011), “in-the-wild” studies involve
deploying new technologies in real-world situations and studying how they are
actually used in this context, taking the fact into account that the physical and
social context will have a critical effect on the usage. We aim to evaluate all our
novel contextual interfaces at some point by the means of observational studies in
the factory (taking into account the lessons learned, such as the need for expert
discussions before the observation and the company of a technician to discuss
behavior observations in parallel). A first “in-the-wild” study was already conducted
to explore the actual usage of the Operator Guide and showed us unexpected usages
and interpretations of the display (see Strasser et al. 2012).

However, we also want to evaluate the basic interaction concept and its iterations
before we really enter the factory again (above all in order not to harm zero
defect). Similarly, this poses a research challenge in itself, how to evaluate a
semiconductor factory interface, without a factory. For basic concept evaluations,
substitution tasks can be a reasonable approach (Osswald et al. 2012b), e.g.,
repetitive tasks, such as stapling chairs combined with cognitive tasks such as
solving number puzzles can be used to “simulate” the working routines of an
operator. However, substitution tasks can only help us to identify severe usability
problems but cannot tell us anything about how the system supports actual operator
tasks. Therefore, we needed to find a way to simulate the cleanroom in our
laboratory. We reassembled equipment out of shelves (see Fig. 12.5/left) and
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Fig. 12.5 Snapshot of the wizarding tool, which was used for the first lab-based cleanroom study;
study participant loading equipment, reassembled out of shelves (left); cleanroom prompts and the
Operator Guide display (right)
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used real lot boxes as prompts. In combination with a self-developed Contextual
Interaction Framework (based on the OSGi framework) for wizarding system
states and logging performance data, we can simulate the working routines in the
cleanroom (Zachhuber et al. 2012). Thereby, we built our own “HCI-semiconductor
experience laboratory,” which allows us to study redesigns before going back into
the factory. By means of this system, we already successfully evaluated the Operator
Guide in a laboratory setting (Strasser et al. 2012). However, another challenge that
needed to be solved was the recruitment of representative study participants.

In the ideal case, study participants for our interface prototypes are trained
cleanroom operators. However, as the cleanroom is not located at the same town
of our research laboratory, it is difficult to recruit participants with this profes-
sional background. Thus, we developed the so-called proxy-operator concept as a
methodological innovation for our interaction studies. Our understanding of proxy
operators is a meso-level choice between people with no cleanroom experience at
all (microlevel) and people who already have working experience in the cleanroom
(macro-level).

In other words, the possible levels for interaction study participants could be
summarized as follows:

1. Microlevel: Study setup uses elements of the cleanroom

2. Meso-level: Participants get introduced into the topic before every study

3. Meso-level: Panel participants (meaning a pool of participants who take part in
several cleanroom studies over several years) take part in a cleanroom training
before taking part in our studies

4. Macro-level: Participants who actually worked in the cleanroom before

We decided on the 3rd level and recruited a stock of 40 panel participants. Before
their first study, participants got a training session about the tasks and behavior
rules in the cleanroom. In every subsequent study they take part in, they have to
fill in a questionnaire about their knowledge of the cleanroom and get an adapted
training session before they take part in the study. Our long-term goal is to analyze
this questionnaire material in order to assess the success of our proxy-operator
concept. However, we are aware of the high degree of confounding variables in
the approach due to the artificial setting in the laboratory, and therefore the results
and its ecological validity need to be validated in comparative “in-the-wild” studies.

12.3.4.3 Integration into the Factory Software Architecture
and Production Schedule

Another challenge for HCI and CSCW research in the factory is the integration
in the production schedule and the existing software architecture of the factory
(the manufacturing execution system (MES)). In phases of high-order volumes of
wafers, novel systems clearly cannot be deployed in the cleanroom as this could
negatively impact the “zero-defect” production rate. Due to the constantly high-
order volume, novel systems can only be deployed during summer or Christmas
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time, when fewer operators are working in the cleanroom and fewer orders are
taken by the company. However, the grayroom offers us a potential environment for
“semi-wild” studies. The grayroom provides similar conditions as the cleanroom
and is also used by the company to test novel equipment before being integrated
in the production line. In other words, our novel contextual interfaces could be
studied in the grayroom even under controlled experimental conditions with actual
operators or maintainers without disturbing the “zero-defect” production. Another
difficulty for us is that the company alone makes the decision as to whether one
of our interface prototypes is robust enough to be rolled out in the factory, and we
are obligated to follow their schedule. However, as soon as a system is deployed,
valuable logging data is collected by the manufacturing execution system, which
provides insights in how our systems change productivity in terms of quantitative
data. Nevertheless, traditional usability testing or controlled experiments in the
cleanroom will hardly ever be possible in this specific context. Therefore, we will
explore the actual usage of the systems again by observational studies, such as
ethnographies or contextual inquiries.

12.4 The Car as Challenging Research Setting

In addition to the factory, we have chosen the car as a challenging environment
for HCI and CSCW researchers. Driving a car can be dangerous, and the driver
must not be distracted — that is why collaborative aspects from other domains might
bring fruitful ideas into the automotive context. So far advanced driver assistance
systems (ADAS) are mainly technology driven and arguably fail to make use of
social interaction in the car, and between different drivers. ADAS help us to keep
within the lane (e.g., lane departure warning system) or even to change it (e.g., Lane
change assistance); they assist us in dangerous satiations (e.g., blind spot detection,
collision avoidance system), or they monitor our status (e.g., driver drowsiness
detection). In addition, however, HCI research has recently started investigating the
collaborative nature of driving (Forlizzi et al. 2010; Esbjornsson et al. 2007; Inbar
and Tractinsky 2011). Drivers are in a steady negotiation process with other car
drivers, and traffic behavior is a social interaction (Juhlin 1999). Understanding
the car as a collaborative social space has the potential to develop new ADAS,
which support driver-driver collaboration, as well as driver-passenger collaboration.
We need to understand ADAS as social embedded systems in order to increase
acceptance and user experience. For exploring and understanding the automotive
context in this sense, we need to apply and adapt HCI and CSCW methodologies.
When researching the car, apart from safe driving simulators with traditional HCI
and CSCW methods such as ethnographies, researchers have to carefully reflect
upon the dangers the research itself can have for the driving situation. Driving a
car can be dangerous not only for the driver but also for passengers, the researcher
included. Moreover, the research itself could potentially heighten risk for all parties.
Car accidents can also be expensive. Questions such as “Who will pay for repair
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costs?” need to be discussed. Basically, the liability of the people involved needs to
be specified. In addition, there might be regional legal differences that need to be
considered. What makes interventions in the car dangerous, especially for the driver,
is the fact that a driver always has a primary task: to drive the car safely from one
place to another. Interventions in the car have to take into account that they compete
with the primary driving task. This task is usually not interruptible.

At the same time, the car offers some methodological affordances. Cameras can
be very easily mounted, and electricity for those and for potential systems can be
pulled from the car itself. But again, the legal regulations/restrictions of the study
location need to be considered. Also, power supply is often very instable in cars
(e.g., the power supply is interrupted when the ignition is turned on or off). When
mounting observation systems into the car, it has to be carefully checked that these
are secured in a way that they become loose or detached when taking a sharp turn or
when the car breaks. Similarly, they cannot be positioned in a way that they distract
or impair the sight of the driver or act in the form of a safety hazard (e.g., obstruct
the airbag).

In addition to safety and legal aspects, the effect of the presence of a researcher
needs to be considered. It might be that we, as researchers, want to be present in the
car during a study to take notes and interact with the driver or the passengers. In such
cases, we also need to understand how the car in many ways offers a very limited
space. In such limited spaces, we do not just affect the study from the official role
researchers have. Researchers in the automotive domain can be seen as explainers,
facilitators, encouragers, or mainly as technical support as discussed by Johnson
et al. (2012). However, we can also affect the social space within the car during a
ride. In order to reduce researcher participation, many studies use remote techniques
such as video ethnography (e.g., Brown and Laurier 2012) to gain insights without
being physically in the car.

In addition to these challenges, the car is typically a moving object. From
a researcher’s point of view, this can cause some practical problems, such as
shakiness, constantly changing lighting conditions that may affect video and audio
recordings, difficulties with note-taking, etc. When conducting studies in natural
conditions (i.e., noncontrolled settings; journeys which would have taken even
without the study), timing could also be challenging. When a researcher is present in
the car, questions arise such as how will the researcher determine when and where
the trip should start and end, how will the researcher get to the starting point in
time and then back again, whether or not the start and end of the video recordings
of a remote study should be automatic or done by the participant, and what should
happen if the deployed prototype or the video system fails.

Another challenge of automotive studies is recruiting (appropriate) participants.
If not investigating specific user groups, such as taxi drivers or other professional
drivers, this can be tricky, as drivers are generally a very heterogeneous group.
Researchers thus often use convenience samples that are reused several times, but
do not represent the true characteristics of drivers. It is further not unusual to
recruit students or people from the local area with specific characteristics (e.g.,
own a driving license for at least 3 years). Nevertheless, automotive studies often
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recruit from specific user groups who use their cars for business purposes such
as commuters (Ben-Elia and Ettema 2011), taxi drivers (Phithakkitnukoon et al.
2010), and policemen (Hampton and Langham 2005). Thus, the pool of potential
participants can be limited or untrained. Recruiting new drivers or older adults might
be easier (since these are larger groups), but safety issues have to be handled since
beginners have more cognitive overhead in operating the car, and older drivers are
more likely to have restricted vision and longer reaction times. Some researchers
have addressed this issue by conducting their studies with user groups that are easier
to access, while still aiming at a generalization of their results (Esbjornsson et al.
2007).

These challenges and opportunities make the car a challenging collaborative
place to be studied in situ — where the action actually happens. This is why we
need to tailor existing HCI and CSCW methods to this very specific context and
develop new methods in order to understand user experience in the car. So far, we
have been focusing — like most other research in automotive user interface design —
on the driver. However, the car offers more than just driver interfaces. To fully
understand the car as a design space, we need to look beyond the driver (e.g., the
role of children in the car (Hoffman et al. 2013)). We need to see the car in a holistic
way where collaboration and negotiation routinely happens. Inside the car, the driver
often collaborates with passengers in operating the navigation system or handling
the entertainment system. Outside the car, drivers are cooperating with each other
to ensure a safe and smooth traffic. If this collaboration fails, accidents may occur.

12.4.1 The Holistic Car

In order to make technology in the car more controllable and to reduce workload
and stress, while simultaneously enhancing user experience in the car, we have
to understand the car in a holistic way (see Fig. 12.6). We need to understand
how contextual influences are related to different user experience dimensions and
how they influence the car design space. Additionally, we need to address both

Fig. 12.6 The holistic car
consists of three
interconnected areas: the
driver, the front seat
passenger, and the rear seat
passenger. These areas are
again highly linked to the
context they are currently in,
shaped, for example, by other 1
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environmental characteristics I
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passengers and users outside of the vehicle. We need to understand the social nature
of the car by identifying collaborative behavior inside the car as well as between
drivers. To address the car more holistically, we propose two things.

First, we need to understand the interior. The car can be said to consist of three
interrelated spaces: the driver’s area, the front seat passenger area, and the back seat
area. The last two areas, we suggest, have not yet been sufficiently researched from
an HCI and CSCW perspective. Front seat passengers traditionally can be regarded
as copilots. They help the driver in navigation tasks, and they can support the driver
in operating navigation devices or the entertainment systems. They may even act
as an additional pair of eyes in the primary task of driving. Passengers in the back
seat are less likely to do so, for obvious reasons. Nonetheless, they interact with
the driver to a certain extent. They might use smartphones to access information
needed by the driver, or they may want the driver to perform certain tasks for them
(e.g., switch the radio station). Collaboration and negotiation outside the car is
done constantly and often implicitly. When the car in front of me brakes, I have
to brake too. Indicator lights signal an intention. Horns call attention. These actions
are highly collaborative. Thus, social systems, which are formed within the car and
with its surrounding (e.g., other cars, other road users, surrounding infrastructure),
cannot be left out when trying to understand how technology is used in the vehicle
and how it should be designed in the future.

Second, we claim that, especially when focusing on contextual and cooperative
user experiences, automotive interfaces have to be researched in the context, in
which they will be used. While this also applies to other areas of HCI, context in
the highly mobile automotive area is more unstable and dynamic than in other HCI
domains due to the high speed with which vehicles are moving and the diversity
of situations they are used in. In situ studies are the only way of allowing an
investigation of how things happening around the car influence what happens in the
car. At a first glance, it appears obvious that a vehicle is a very enclosed and private
space that hosts interactions within. We are, nevertheless, convinced that the borders
between interaction within the vehicle and interaction with the exterior are highly
blurred. While simulator experiments have a high value when, for example, trying
out prototypes of new interaction modalities, they often miss aspects of contextual
influences as well as surprising and unexpected events.

Automotive research “in-the-wild” not only allows us to understand the influence
of what we call “environmental” context but also the pre- and post-usage experi-
ences that shape their goals and expectations towards technology. In one of our
studies, for example, we came to a new understanding of the concept of distraction
in the vehicle. Usually, efforts are taken to reduce distraction (from the road);
however, we discovered distraction has a more ambivalent status and is often linked
to events outside the immediate trip (e.g., angry discussions with the girlfriend).
This richness of contextual aspects cannot be sufficiently represented in simulator
experiments. Although context can also be prototyped in simulators, the diversity of
situations is so high that sufficient representation in a simulator cannot be achieved.
In conclusion, an in-depth understanding of users’ experiences can only be achieved
in the original context they evolve in (Law et al. 2008).
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12.4.2 Exploring the Car

In order to grasp the car as a holistic space, we so far have conducted seven
contextual studies in the car. They contribute to a broader understanding of the car
as an interaction design space (see Table 12.2 for an overview). These seven studies
focused on the driver, the front seat passenger, the rear seat passengers, and the
interaction in between these spaces. For the studies, we used different methods with
different degrees of researcher participation and technological support.

Studies researching the driver and driver-related tasks as well as driver user
interfaces include three studies: a contextual inquiry with the focus on interaction
with multifunctional rotary knobs (Neureiter et al. 2011), an ethnographic study
experiencing drivers in traffic jams, and an adaption of the experience sampling
method to gain insights on the relation between context and user experience factors
(Meschtscherjakov et al. 2012). We conducted two studies focusing on front seat
passengers: an ethnographic study observing the interaction between drivers and
front seat passengers (Gridling et al. 2013) as well as a cultural probing study at the
gas station to inform the design of the future front seat passenger design space. The
rear seat space as third area was researched in two studies: a cultural probing studies
utilizing a variety of probing materials to get inspiration for future interfaces in the
backseat area of the car with a special focus on children as well as an exploratory
study where we deployed and tested three prototypical games for children sitting in
the back seat.

12.4.3 Special Context Findings

The in situ studies provided us with a huge amount of scientific findings, some of
which are well known; others of which offered some deep insights into the nature
of cooperative experiences in the car for drivers and passengers. The various studies
provided us with inspiration for new ideas and novel prototypes. In this section, we
present the most significant findings from our studies.

1. Primary tasks in the vehicle

Most research in the automotive domain still applies Geiser’s distinction of tasks
in the vehicle into primary, secondary, and tertiary tasks (Geiser 1985). Within
our studies, we found a transition from the traditional sense of primary tasks (i.e.,
controlling a vehicle) to a more value-sensitive definition of primary tasks (e.g.,
staying in contact, having a good family time). While driving a vehicle should be
the main focus of the driver, we as researchers have to be aware that it may not be
the first priority for the person behind the wheel — at least not consciously. As our
studies showed, drivers are often not aware of risky situations when being distracted
from driving. In their mind, so-called secondary tasks (e.g., entering a destination
into the navigation system, making a phone call, changing the radio station)
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becomes the primary task in terms of conscious relevance. Steering, accelerating,
and breaking are often unconscious activities. This can be dangerous when the
interaction with technologies in the car becomes too distracting. Acknowledging
that modern vehicles are more than tools to get from one point to the other but
tools to help users pursue their goals will support a less function-oriented design of
technology in the vehicle.

2. Passenger-to-passenger interaction

Technology in the vehicle, to date, is very driver-centered. We believe that this is
due to the high amount of trips with only the driver in the vehicle. Nevertheless, our
experience sampling study showed an average of 1.52 people in the vehicle per trip,
making the potential effect of passengers in the vehicle significant. Especially in the
ethnographic study on front seat passengers, we found that they are a major source
of assistance as well as distraction. We have investigated how front seat passengers
do actually assist drivers (e.g., cleaning a steamed-up window) in a collaborative and
cooperative way. Front seat passenger wants to be more involved in the driving task
itself (e.g., monitoring the speed of the car or assisting with the navigation device).
We have found that the balance between sharing information and being in control
is crucial for a positive collaboration experience. Similarly, the rear seat cultural
probing unveiled the positive and negative effects that the condition of passengers
can have on everyone in the car. We, therefore, see the driver as administrator, being
the most important user of the facilities in the car. The driver, for example, needs to
be able to control technology usage in the rear seat while maintaining the driving
task. The passengers, on the other hand, have a high amount of free resources they
can use to assist the driver but which are also a source of boredom. We, therefore,
see the necessity to include all passengers in the car into the driving task, based on
their abilities and interests.

3. Context awareness

Context awareness has been a central concept in the efforts to improve in-car
interfaces (see, for example, Bellotti et al. (2005)). Most approaches nevertheless
aim at reducing cognitive workload by making systems context-aware, leading to
less distraction and an increase in safety. While this is valuable, our results indicate
that this approach does not go far enough. As in other areas of HCI, user experiences
are very context-driven. In the vehicle, where contexts are highly dynamic, context-
aware interfaces therefore also have to include the effect of changing context on
UX. Driving through an unknown area in the dark, for example, can have a negative
effect on perceived safety and cause anxiety. A navigation system should be aware
of ambient lighting when guiding a driver through an unfamiliar part of the town
during the night. Trip destinations and purposes have a major influence on how
people perceive their trip. The studies conducted showed only a small fraction of
possible contextual influences, but what we see is that strong efforts have to be
taken in understanding the overall effect of context on the driver beyond distraction
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and workload. In a current study, we aim at investigating the effect of short-term
pre-trip experiences on the perception of a trip in the vehicle.

4. Driving as a chain of plastic episodes

Based on the results of our studies, we propose a new perspective on interaction
with automotive user interfaces, based on the “plastic” metaphor introduced by
Rattenbury et al. (2008). Researching mobile computers, they refer to “plastic” as
a term describing technology which allows users to fill opportunistic gaps, making
the plastic time slots shrink and expand until interrupted. Interaction with in-vehicle
systems have mainly been seen as continuous, having a constant level of distraction
from the road. We found users to be highly flexible in how they interact with
technology, routinely judging whether it is safe to interact with technology in a
certain moment or not. Granted that these judgments were not always correct, it
still shows the high potential of technology to support users in adopting a safer
usage behavior based on “plastic” episodes, which allow a higher distraction from
the road than others. Alt and colleagues (Alt et al. 2010), for example, propose
to use contextual information to enable micro-entertainment in cars. They suggest
anticipating how long a car has to wait in front of a red traffic light and fill this
plastic time with entertainment snippets.

5. Smartphones on wheels

Many people are nowadays experienced with smooth interaction on smartphones
and tablets. Multi-touch gestures and the immediate feedback of the device and
high-resolution screens have, however, exaggerated expectations for these technolo-
gies. In the distraction study, we witnessed the negative effect on user experience of
a resistive touch screen (no multi-touch, slow reaction time) when people expected
the seamless interaction of a touch screen as used in most smartphones. In addition,
people are used to being connected all the time via their smartphones to their social
peers. They expect to be able to use text messages, Twitter, and Facebook, etc., all
the time. They expect this connectedness also in their cars. Since production cycles
for cars are significantly longer than for mobile phones, industry has to struggle
with outdated technology in their cars. To enhance user experience beyond usability,
these expectations have to be considered.

6. Make driving and riding more fun

Finally, we propose that both driving a car and riding in a car could be made
more fun without making it more dangerous. Our explorative design study on
making sitting still in a car for children more fun revealed significant potential.
We experienced that sitting still could be actually fun when fostered through a
playful design. This approach is not only true for children and/or the rear seat but for
the whole car. We envision making driving safe or eco-friendly more fun and also
enhancing passenger experiences. The driver’s working place as well as the design
space for front seat passengers and rear seat passengers offers huge potentials for
future contextual “in-the-wild” studies.
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12.4.4 Methodological Implications

Beside our empirical mosaic findings on the car context, we also recognized a
number of methodological implications from our automotive “in-the-wild” studies.
In this section, we summarize these implications and answer issues raised in Sect.
12.4.2.

12.4.4.1 Use the Automotive Context

In general, we found experiences in the vehicle to be a study topic that participants
can easily relate to. People feel comfortable in sharing experiences with their car;
it is something they use often, and it is easy to have an opinion or a good story
about it. The same is true when communicating the study topics to the participants.
Similarly, words that describe parts of cars, trips, and context (e.g., traffic) are often
used in everyday language, making it easy for participants to express themselves.
We also found the car to be a good space to work with children, since it is a familiar
area (especially when the family car is used).

When studying interactions in the car, we found it to be beneficial to make use
of what is imminent to making trips with a car. As with other researchers (Kern
and Schmidt 2007), we, for example, found the break when filling up gas at the gas
station to be an ideal moment for a survey, an interview, or the start of a probing
study. We also found that other aspects of a trip might be utilized as new methods to
research the automotive context. For example, when people take a trip (especially
abroad), they may write a postcard to their family and friends at home. We suggest
using this tradition for research purposes. In one of our probing studies, we asked
participants to write a postcard “home” and express their experiences during this
trip in relation to the car. When recruiting participants for automotive “in-the-wild”
studies, we suggest being provocative and innovative. Gas station or garages are
places where many car drivers can be easily observed or interviewed. Car retailers
and online car sharing platforms also provide a pool of potential participants.

Although the car is restricted in some areas such as space, it also offers an
infrastructure for studies “in-the-wild” that support research. The car itself provides
a high amount of data that can be used for studies and prototypes. Speed, GPS,
or throttle position provides rich input for interactive systems while allowing the
recording of user behavior. Bringing cooperative technology into the car, however,
is especially challenging, given potential drain on power and the possibility of, for
instance, blown fuses. These potential breakdowns require at least an extra study
assistant to be present, raising the effort that has to be invested.

In our studies, we found low-tech study materials, such as postcards and
notebooks to be valuable. Cup holders are a well-suited place to store this kind
of study material. Giving users the possibility to take the materials with them,
nevertheless, did not prevent users from forgetting about the studies. We do not
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have any proof that this is a more severe problem in the car than in other spaces, but
we certainly became aware of the need to remind participants of their study tasks.

12.4.4.2 Complexity of Automotive Studies

The car is a space eminently suitable for researcher involvement. The placement
and position of participants in studies is very stable; it is, therefore, easy to
conduct observations. Nevertheless, having a researcher taking part in trips requires
some effort. On most occasions, researchers have to join at the beginning of
the trip, travel with the participants, and, afterwards, make their return on their
own. Research in the vehicle with participating researchers, therefore, creates a
negative ratio of time in the study situation to time needed to travel there and
back — an issue that technology-supported studies can solve. Unfortunately, the
usage of recording equipment is challenging since lighting conditions rapidly
change in the vehicle and the recording of sound is interfered by the ambient
noise.

As well as the rapidly changing contextual factors influence research “in-the-
wild”; interaction in the vehicle is also very season-dependent. Results of our rear
seat probing study, for example, would have been different in the winter compared
to the summer, where long vacation trips are made during hot weather. Both long-
term and short-term contextual changes make conducting automotive “in-the-wild”
studies a complex task — especially when researching the influence of context-
dependent factors such as weather or traffic density.

Safety is a major concern in vehicles, making them a sensitive research envi-
ronment. The main threat is that participating in any kind of study activity
distracts the drivers from the road. One suggestion is to use spare time during
driving when prompting drivers (e.g., during a traffic jam or in front of a red
traffic light). Another possibility would be to use audible input and output for
asking questions and gathering answers. Additionally, study equipment has to
be secured and cannot be used if it causes a threat in case of a technology
failure or obstructs safety measures (e.g., emergency braking). Researchers have
to make sure that their equipment must not be the source of distraction or
danger. It must be safely attached to the car and no equipment can be unse-
cured. Participants should be able to use the prototypes extensively prior to the
ride.

Nevertheless, even when a high amount of countermeasures are taken, we are
always alert to the possibility that we are creating difficulties in the automotive
domain. Choosing the car as “wilderness” for research activities can be challenging,
when safety has to be addressed without muting creative ideas that do not conform
to current interface norms (Greenberg and Buxton 2008). Regarding liability and
ethics, we suggest that participants should be made aware of the fact that safety is
the most important aspect during an automotive in situ study and that all regulations
must be complied with during the study, although an element of risk always remains.
Researchers should be aware of this fact.
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12.5 Conclusions

In this chapter, we presented two difficult and challenging research settings for
HCI and CSCW, namely, a semiconductor factory and a car. We explained the
general challenges which both contexts pose for exploratory research through an
HCI and CSCW lens, such as environmental constraints (e.g., cleanroom conditions
in the factory and limited space in the car). Then we presented our view on
both contexts as cooperation spaces and how we tried to approach them with
various different research policies. We used a set of different requirement methods
(ethnography, contextual inquiry, cultural probing, and a participatory observation)
in both contexts to gain an understanding of the different actors, their interplay and
needs for cooperation, and the environmental conditions. Based on this contextual
analysis, we derived empirical mosaic bricks with which we could describe both
contexts in a holistic manner. These descriptive context models for the factory and
the car should contribute to the existing understanding of collaboration contexts in
HCI and CSCW by identifying and describing relevant factors prior to developing
novel “contextual interfaces” that should foster cooperation in these contexts.

Moreover, we presented other salient issues in these challenging contexts,
namely, the methodological lessons learned from the exploratory studies, as well
as the challenges studies of future contextual interfaces will pose. This includes
aspects such as lab-based studies within a “simulated” factory or car context and the
integration of our work into the production cycle of the factory. Our implications
have an influence on traditional contextual design and evaluation assumptions in
HCI and CSCW. We suggest potential solutions that might also be used for other
challenging domains, such as air planes, healthcare settings, public spaces, etc.
We experience constraints in these contexts not only as a challenge but also as an
opportunity to develop new interaction designs. Sometimes limitations can inspire
through their challenging nature. The vision here is to better understand how to
make use of the beneficial constraints for interaction design and how to cope with
hindrances (Fuchsberger et al. 2014).

However, in these challenging contexts, close collaboration between HCI
researchers and our industrial partners was crucial as they were the “context-
holders.” By this we mean that they provided us with knowledge about the context
as well as access to it. For example, to study the factory context, a researcher needs
to gain access to the cleanroom and actual operators. In the automotive context,
it is crucial that a researcher gains access to the newest technologies in order to
study them. We argue that the importance of a close collaboration between context-
holders and researchers is important in most challenging contexts and the resulting
collaboration could be beneficial for both partners. We explored two contexts, which
have received only little attention from an HCI and CSCW perspective to date,
with a view to the redesign of systems to optimize working routines for different
actors. In other words, even if these observational studies in the wilderness of a
semiconductor factory and a car denote a huge effort for both parties, its outcome
justifies its effort.
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Chapter 13
Design for Agency, Adaptivity and Reciprocity:
Reimagining AAL and Telecare Agendas
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It goes without saying that the developed world is facing significant challenges in
dealing with the increasing demands of an ageing population, especially around
health and care. It is also easy to understand why technology is seen as a key enabler
for meeting this challenge. Application areas such as Ambient Assisted Living
(AAL) and telecare are receiving increasing governmental, industry and research
attention, taking advantage of maturing and increasingly ubiquitous wireless,
mobile and sensor-based technologies. However, to date, many of these advances
have been largely driven by technology-utopian visions without real understanding
for how such technologies come to be situated in everyday life and healthcare
practice and what their potential is for enhancing new ways of living into older age.
Further, there is limited evidence of their effectiveness to date, and the problems
with adoption from the patients’ perspectives suggest it is timely to reflect on these
experiences and reimagine new ways of approaching AAL/telecare from a broader
socio-technical perspective. To this end, we propose AAL/telecare as modular
infrastructures for the home that can be adapted and repurposed, starting with
personal ‘quality of life’ and social needs (supporting peer care) and progressing
to monitoring, physical and medical needs (supporting formal care) as relevant for
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a person and as needs evolve. This extends the adoption path to supporting healthy
ageing, taking notions of agency, adaptivity and social reciprocity as core principles.
We illustrate this with some examples and identify some of the associated technical
and methodological challenges.

13.1 Introduction

The challenge of caring for an ageing population, and an increasing ‘burden’ of
care for associated chronic diseases, is now the de rigueur mantra (and as we will
argue later, in agreement with Mort et al. (2012), a problematic rhetorical turn) to
motivate the need for new technology-enabled models of care. As such it is both
emblematic of and a model for a consideration of those issues which are discussed
elsewhere in this book—notions of social engagement, value sensitivity, user
involvement/codesign and so on. The key agenda of such models is to enable people
to be looked after in their own homes, thus avoiding the costs and inconveniences
of expensive institutionalised care. Such approaches are variously called Ambient
Assisted Living (AAL), telecare, telehealth, telemonitoring and so on. Whilst the
exact definition of many of these terms is still evolving (Greenhalgh et al. 2012)
and the choice of label can depend on the cultural context (e.g. the term AAL
is commonly used in Europe but not so much in the United States), we will use
AAL/telecare as a placeholder here and focus on the European (EU) perspective.

Among AAL/telecare solutions and service offerings, there is a huge diversity
in the different configurations of technologies and in the degree of involvement
of healthcare professionals. However, they all tend to encompass some or all of
the following features: monitoring of safety and security, e.g. to detect water left
running, via sensors that operate in isolation and generate alerts when events are
detected; monitoring of activities of daily living (ADL) and lifestyle monitoring
via a network of sensors in the home, again with some alerting function, e.g. for
fall detection; and physiological monitoring, which usually involves some direct
participation of the users, e.g. in taking blood pressure measurements.

At its core then, the vision of AAL/telecare, as a solution for the ‘burden of
care for an ageing population’, is based on some form of remote monitoring,
exploiting the potential of wireless and sensor-based technologies to track aspects of
concern and exploiting the potential of Internet connectivity to provide some form
of communication back to a monitoring centre or care provider.

Buying into this vision and the associated rhetoric, there has been a sub-
stantial investment of funds and resources into AAL/telecare, both in support-
ing research programmes and in actual deployments. For example, the AAL
Joint Programme of the European Union (EU) was started in 2008 with invest-
ments in the order of 600 million Euros. The aim is to specifically encour-
age cross-national collaboration of small- and medium-sized enterprises (SME),
research organisations and user groups ‘to create better condition of life for
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older adults and to strengthen the industrial opportunities in Europe through the
use of Information and Communication Technology (ICT)’.!

Another example is the various initiatives funded by the UK Department of
Health around long-term conditions, a recent high profile one being the Whole
System Demonstrator (WSD) programme.? The cluster randomised control trial
(RCT) for the WSD involved over 3,000 patients with diabetes, chronic obstructive
pulmonary disease or heart failure, attending 179 general practices from three
different areas in England. The expectations of governments for AAL/telecare are
reflected in the stated aims of the WSD: ‘to show just what telehealth and telecare
is capable of, to provide a clear evidence base to support important investment
decisions and show how the technology supports people to live independently, take
control and be responsible for their own health and care’.?

However, evidence for the success or otherwise of such AAL/telecare systems
is decidedly mixed and points to the ‘current gap between policy enthusiasm for
tele-monitoring and its more limited uptake and impact in practice’ (Greenhalgh
et al. 2012). Mort et al. (2012) also draw critical attention to the negative rhetorics
around AAL/telecare, i.e. of ‘threats’, ‘burden’, ‘age time bomb’, ‘silver tsunami’
and so on, the ‘stigmatising and ageist rhetoric forms’ used to motivate the move to
AAL/telecare.

The main focus of this paper is to argue for a different rhetorical and practical
view of AAL/telecare as being socially embedded and practically situated in the
everyday homes and lives of the people for whom they are intended and where
the experiences to date with such systems suggest it is timely to reconsider
the conceptualisation and design of AAL/telecare systems from a broader socio-
technical perspective. A more detailed motivation for this shift is presented in the
next section where we review reported experiences to date.

13.2 Mixed Outcomes from AAL/Telecare Experiences
to Date

The outcomes reported from various studies paint a mixed picture of the evidence
base for AAL/telecare (see, e.g. Barlow et al. 2007; Brownsell et al. 2011;
DelliFrance and Dansky 2008; Hardisty et al. 2011; Steventon et al. 2012).

Thttp://www.aal-europe.eu/about/objectives/
2http://webarchive.nationalarchives.gov.uk/+/www.dh.gov.uk/en/Healthcare/Longtermconditions/
wholesystemdemonstrators/DH_084255

3https://www.gov.uk/government/publications/whole- system-demonstrator-programme-headline-
findings-december-2011
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As will be seen below, studies of deployments of AAL/telecare solutions are
most often based on smaller-scale pilot projects and tend to follow the medical
model of randomised control trials (RCTs), relying on quantifiable measures; as
such they tend to focus on aspects of efficiency and effectiveness, where evidence
for the success or otherwise is usually reported in terms of health and cost outcomes
oriented towards the medical system, such as the use of care services (admissions
to the hospital, length of stay, etc.), patient compliance, etc. More recently, some
qualitative studies are also starting to appear but are still relatively rare.

Across the various studies, there are some reports of positive outcomes. A 2012
report on the WSD trial indicated a reduction in mortality rates, admissions and
patient bed days (Steventon et al. 2012). (Others have also critiqued the design of the
WSD RCT studies, e.g. because the unit of randomisation was the general practice
and no comparable interventions were offered (McCartney 2012), thus raising ques-
tion marks about possible bias and how much the positive results really stand.) A
systematic review by DelliFrance and Dansky (2008) reported an overall ‘moderate,
positive and significant effect’ on clinical outcomes such as fewer visits to the
emergency room, fewer admissions, etc., especially for heart disease and psychiatric
conditions but not, for example, for diabetes. A different systematic review by
Barlow et al. (2007) concluded that the most effective interventions were automated
‘vital signs’ monitoring and telephone follow-up by nurses, both resulting in
reduced use of healthcare services, but there was insufficient evidence, for example,
around effects of safety and security monitoring or about the effects of telecare
for asthma, dementia and depression. Neither review found sufficient evidence to
suggest cost advantages to date, and a recent report on the WSD project even found
that the costs of the telehealth intervention were higher and thus not cost effective
compared to ‘usual care’ (Daugaard 2013, Personal communication with Henning
Daugaard, Director of Social, Health and Employment affairs, Frederiksberg Munic-
ipality 2013-07-15; Frederiksberg Municipality 2013, p. 82), especially as patients
reported similar quality outcomes in both conditions (Henderson et al. 2013). In
summary then, there are some positive effects to be found, but it is hard to compare
such reviews and outcomes because of the range of different interventions and dis-
eases included. Further, clinical outcomes do not always translate into cost savings.

On the other hand, there are also many other reports and systematic reviews that
are less positive, pointing to a lack of supporting evidence and highlighting more
complex issues that go beyond the technology to the broader clinical, organisational,
legal and support structures and processes into which telecare needs to be embedded.
For example, a systematic review of what the authors termed ‘lifestyle monitoring
technologies’, i.e. called AAL/telecare here, concluded that in fact the ‘evidence
base for lifestyle monitoring is relatively weak, even though there are significant
numbers of commercial installations around the world’ (Brownsell et al. 2011).
Hardisty et al. (2011) also point to broader issues with the implementation of
AALl/telecare (using the language of ‘telemonitoring’), concluding that ‘attempts
to use telemonitoring [ . ..] over the last two decades have so far failed to lead to
systems that are embedded in routine clinical practice’ (p. 734).
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Some of the reasons for the lack of embedding into actual practice might be
found in Fitzsimmons et al. (2011) who report from their experience of trying to set
up an RCT of a preventative telehealth service for chronic obstructive pulmonary
disease (COPD) that ‘whilst the need to improve care delivery modalities [...] is
recognized, in reality, the shift to the primary sector is proving more difficult to enact
than initially anticipated’. Their experiences highlight the complex service delivery
issues entailed in telecare, that can challenge traditional boundaries between local
authorities and healthcare providers and that can require significant changes to
established roles and responsibilities, working patterns, data flows and so on.

However, even though one of the critical issues around AAL/telecare solutions is
adoption from the seniors’ perspectives, this tends to receive much less attention
in evaluation studies and reviews. The studies included in the reports above, as
previously stated, tend to frame the evaluation in terms of clinical and cost outcome
measures and in doing so prioritise the perspective of the service delivery/medical
system. It is also to be noted that these outcome studies, by definition, only involve
patients who have agreed to use the system. Where ‘patient’ perspectives are
included in evaluations, they are often noted in terms of some overall statement
about usability and user acceptance, often based on survey data. Qualitative studies
on actual user experiences are relatively rare.

It is these more qualitative studies though, foregrounding the processes and
experiences of people actually using AAL/telecare or not, that we use as motivators
to argue for a shift on our conceptualisation of AAL/telecare. Gale and Sultan
(2013), for example, draw attention to the ways in which such technologies ‘can
modify emotional and bodily experiences’ for the COPD patients they interviewed,
who reported ‘peace of mind’, in part due to the way that telehealth legitimised
contact with their health professionals and gave them increased confidence. Aarhus
and Ballegaard (2010) conduct a more in-depth ethnographic work across a number
of technologies and conditions for supporting care at home and unpack what they
call the ‘elaborate boundary work’ that people engage in ‘to maintain the order
of the home when managing disease and adopting new healthcare technology’.
Miiller et al. (2010), in a study of the use of location monitoring for people with
Alzheimer’s disease, identify dilemmas between awareness vs. privacy and safety
vs. autonomy. All these studies therefore point to the adoption of AAL/telecare
into everyday life as a highly complex negotiated process, involving modifications,
negotiations, integrations and segregations as people both deal with the disease issue
and work out how to get on with life.

Studies of people who do not take up AAL/telecare are also instructive
about what is important from patients’ perspectives. Sanders et al. (2012), for
example, also studied the WSD project but focused on people who rejected
participation or who agreed to participate but later withdrew from the trial
(i.e. unlike some of the people in Gale and Sultan’s (2013) study, they did
not experience ‘peace of mind’). In a qualitative analysis of interviews with
these people, the authors identified a number of barriers to the participation
and adoption of telehealth and telecare from the patients’ perspective. These
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included (1) concerns about technical competence and the need for special skills
to operate the equipment, (2) concerns about ‘threats to identity associated with
positive ageing and self-reliance’ and to independence by undermining ‘self-
care and coping’ and (3) concerns about disruptions to existing services that
they valued (an interesting concern against Gale and Sultan (2013), pointing out
that the same technology can be experienced very differently by different people).

Other barriers identified in the literature around adoption of AAL/telecare are
a lack of perceived usefulness (Huang 2011), lack of face-to-face contact with
caregivers, poor usability, lack of trust, increased professional responsibility, lack
of organisational willingness to change and financial barriers like the absence
of reimbursement arrangements (Reginatto 2012). There is also a concern that
‘monitoring [ ...] may also increase the amount of information which flows from
users to carers, which can result in a form of function-creep that actually undermines
independence [for older people]” (Draper and Sorell 2012) and that can reduce social
contact more generally (Mahood et al. 2008).

13.2.1 Motivating a Re-imagination of AAL/Telecare

In summary, what we are seeing across these different studies, reviews and
methodological approaches are what Greenhalgh et al. (2012) identify as differ-
ent discourses around AAL/telecare. These are ‘modernist (technology focused,
futuristic, utopian), humanist (person centred, small scale, grounded in present
reality), political economy (critical, cautious) and change management (recognising
complicatedness but not conflict)’ (Greenhalgh et al. 2012). The authors go on to
call for closer working across discourses, stakeholders and perspectives.

Hardisty et al. (2011) move in this direction, and whilst their systematic review
could be regarded as taking more of a modernist perspective, their conclusions
clearly point out the need to integrate more of a humanist and change management
perspective (to use the categories above): ‘Attempts at implementation have paid
insufficient attention to understanding patient and clinical needs and the complex
dynamics and accountabilities that rise at the level of service models. A suggested
way ahead is to co-design technology and services collaboratively with all stake-
holders’ (p. 734). This is an important call and highlights the value of taking a
socio-technical practice-based perspective and involving all stakeholder concerns.

Roberts and Mort (2009), coming from a humanist perspective, characterise three
distinct areas of telecare discourses: monitoring, physical care and social-emotional
care. They argue that telecare only tends to deal with monitoring (that can be seen
as a modernist perspective) and that this ‘fails to account for the complexities of
all kinds of care (physical, social-emotional and telecare)’. They go on to argue
that ‘what counts as care needs to be rethought if telecare is to make a positive
contribution to the lives of older people and those who care for and about them’
(Roberts and Mort 2009) and that it is time for ‘re-imagining the aims of telecare
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and redesigning systems to allow for creative engagement with technologies and the
co-production of care relations’ (Mort et al. 2012).

This is the call we take up in this chapter, to reimagine the aims of telecare
and from this redesign such systems to allow for creative engagement and the
co-production of care relations. Mort et al. (2012) started this re-imagination by
reframing ‘telecare users as embodied, located at home [ . .. and care] as a temporal
and negotiated achievement that requires shared work’ (p. 11). We build on this to
add a more practical design-oriented view. Significant in our reimagining of telecare
is a decentring of the notion of ‘practice’ away from the formal care practices via
the delivery of health and social care and towards the everyday lived experiences
and practices of ageing (and later discussed in Sect. 13.6, as ‘situated elderliness’)
as experienced by older people themselves. It is also informed by understanding
some of the processual and experiential issues noted above and by considering how
to address some of the barriers to adoption noted by Sanders et al. (2012).

The contribution of this chapter then is to add to this re-imagination of the design
of AAL/telecare by focusing on the patients’ perspectives. In saying this, it is also
worth stating two aspects that are equally important for this re-imagination but
beyond the scope of this chapter to address. Firstly, in an ultimate solution, the needs
of both the clinicians/service organisations and the patients, and their family/friends,
have to be considered, as argued by Hardisty et al. (2011); to manage scope here and
to address what we see as a ‘stakeholder’ group that has received least attention, we
put the focus first on older people. Future work will also need to reimagine, e.g.
service delivery models from an organisational or clinical perspective. Secondly, a
focus on the patient’s perspective and on taking a more ‘everyday ageing’ practice-
based view of AAL/telecare raises the challenge of finding evaluation methods that
can account not just for the medical system-oriented outcomes, but also the practical
everyday processes through which such outcomes are achieved by all participants,
the older person, their peers/informal cares and the formal care system, as well as
evaluating the lived experiences of such systems. Future work is needed to develop
these new holistic methods of evaluation.

What we focus on here is a re-imagination of AAL/telecare that integrates
both modernist and humanist perspectives and reframes the wireless- and sensor-
based technologies of AAL/telecare as modular infrastructures for the home that
can be adapted and repurposed. In this way the same base infrastructure can
address personal quality of life and social needs in the first instance and can also
involve monitoring for physical and social care needs as relevant for a person.
It can make use of explicit communication channels and more implicit mutual
awareness opportunities, e.g. by the appropriation of AAL-/telecare-type sensors
in the person’s home and providing engaging creative visualisations of the activities
of others in the care network. That is, the same base infrastructure can be used for
social interaction, preventative health/health promotion and more formal care and
monitoring arrangements as needs evolve (illustrated in the ‘future scenario’ below
and also later in Case 5).
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Future scenario: adaptive solutions for AAL/telecare from peer care to healthcare

In our imagined future, social care and healthcare services offer an integrated
support service. Mr. Jones and his neighbour had read about the range of
community modules on offer by the service. After his neighbour’s wife died,
they discussed how they could keep a better eye on each other, so during their
next annual ‘health and well-being’ check with the community care officer,
they took up the offer of a base ‘neighbour-aware’ system. This involved
having a video camera and video conferencing system installed in each of
their homes that they could use to connect to each other by touching their
photos. It also involved having some basic movement sensors installed in
the living room. By giving permission for this information to be shared at a
very simplified and privacy-preserving level, they can both see some abstract
images that they have chosen to indicate a general sense of themselves and
the other person. They use this as additional means to be in contact between
their weekly card games and to keep an eye on each other.

Some time later, Mr. Jones has a cardiac episode, and on return from the
hospital, the community nurse and his cardiologist suggest that he has some
additional sensors installed in more rooms at home and that could detect if he
falls. He thinks this is a good idea because he knows now how they work and
discusses with the nurse exactly where they should be installed and who can
see what level of information about him. He is also given a heart rate monitor
to wear that communicates with his base station.

His neighbour still keeps a close eye on him with the very simple living
room information and the video connection as before, but now, the data being
collected by his additional sensors and the heart rate monitor are further
processed and sent to his community nurse so that she can monitor his health
status. Mr. Jones is also interested to see how his heart rate changes with
different activity levels, and it helps him keep up with his activities at a more
even pace.

This re-imagination reframes therefore when such technologies can be consid-
ered, creating an adoption path that can start with self-motivated social needs and
opportunities, connecting with informal peer care networks, in a nonthreatening
and noncritical context. The installation and use of these technologies also lay the
foundation for people to gain familiarity and technical expertise in a relaxed way,
hence addressing issues of self-efficacy; i.e. ‘to develop training for users to use
telecare, it is likely to be helpful to reduce users’ anxiety and improve usage of
telecare’ as stated by Huang (2011). The goal then is that issues of acceptance can
be dealt with via the motivation to accept the technologies because of their perceived
social usefulness and providing an opportunity to contribute and that the subsequent
familiarity with the technology will increase ongoing adoption (Mahmood et al.
2008) when more critical care needs arise.
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In taking the patients’ perspective for this re-imagination, we go back to the
first principles and revisit notions of ageing, emphasising positive views of ageing
as an adaptive developmental process and embedding the concerns about health
conditions into an everyday life perspective (Sect. 13.3). This shifts the emphasis
and language, from ‘patients’ to ‘people’. We also use the terms ‘seniors’ and ‘older
people’ interchangeably to reflect more positive stances on ageing.*

We then go on in Sect. 13.4 to explore new person-centred opportunities for
AALl/telecare technologies as infrastructure, focusing particularly on notions of
agency and reciprocity as key principles. Sections 13.5 and 13.6 then explore
some of the technical and methodological challenges to designing reimagined
AAL/telecare services.

13.3 Reconceptualising Ageing

A key starting point for this reimagining is a re-conceptualisation of the notion
of ageing so that it can reflect the lived experiences of older people themselves
and characterise them as active agents in their own care. We look at this issue
from two different disciplinary perspectives, Gerontology and Psychology, where
theories in both point to similar underlying phenomena of agency and adaptivity.
This also means acknowledging the opportunities for social and self-development
that persist as significant markers of well-being into advanced age alongside the
more formal care demands that may develop and point to the opportunities around
social connectivity and reciprocity.

13.3.1 Lived Experiences and a Turn to Agency and Adaptivity

A dominant focus on ‘modernist’ or monitoring approaches tends to conceptualise
old age from an objective and deficit-driven perspective perpetuating a notion of
ageing as an ongoing ‘diminishment’ of function. This can obscure older people’s
sense of agency in the context of care and undermine opportunities for ongoing
development in other areas of life. Several theoretical notions have been put
forward to support the view that significant development does continue in later
life.> In particular here, we draw on theories of ageing that regard ageing as a
positive developmental lifespan process (Tornstam 1989), which emphasises our

“We note that the use of language/terminology here is politically sensitive, but we also note that
what is regarded as a more ‘politically correct’ term is often dependent on culture and context and
that there is no universal agreement. In the end it is the attitudes, values and practices we bring as
practitioners that will speak louder than words.

SWe recognise too that there are many different theories of ageing and that there is no universal
agreement across disciplines about how to conceptualise ageing. In presenting a range of different
theorists’ positions, our intention is not to advocate a particular one but rather to stimulate thinking
differently about older people and to orient to more positive developmental notions of ageing.
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focus on the relational and self-oriented aspects of daily life as significant in
maintaining well-being. For example, Baltes and colleagues (Baltes 1993; Baltes
and Baltes 1990; Baltes and Carstensen 1999) suggest that the developmental
opportunities of ‘successful ageing’ take place when there is an awareness of ageing
limitations married to selectivity with optimisation and compensation. This allows
older people to maintain their quality of life by deliberately narrowing their life
choices (selectivity) so that they can optimise existing capabilities (e.g. optimising
arithmetic skills by doing Sudoku puzzles) and/or compensate for those that are
in decline (e.g. compensating for poor memory by writing things down). Joyce
and Loe (2010) extend a similar view of older adults as active adaptive agents to
technology, arguing that ‘far from passive consumers, elders are technogenarians,
creatively utilizing and adapting technological artefacts such as walking aids and
medications to fit their needs’.

Carstensen extends the selectivity model to include socioemotional goals high-
lighting the increasing significance of social connections as we age. Carstensen
suggests we see, as a positive choice by older people, a deliberate narrowing of
social connections in favour of longstanding intimate social ties in order to maintain
ongoing activities, a sense of purpose in life and ultimately the integrity of the
self in lieu of approaching death (Carstensen 1992, 2006; Carstensen et al. 1999).
Others have suggested that advanced age may also invite a contemplative form of
development through which an older person comes to reframe their relationship
to themselves and others. Through this process of gerotranscendence, they may
become more altruistic, lose their fear of death and learn to appreciate solitude and
the mundane aspects of their life (Tornstam 2005).

Such theories of ageing show older people not as passive recipients of the
physical ageing process (and the prescribed care that may accompany it) but as
self-aware agents of change who are resourceful in dealing with the failings of
their own body and adapting their behaviour, self-concept and relationships with
others to maintain a quality of life. These adaptations are central to the lived
experience of ageing and can be seen to constitute an individual’s own particular
‘practice’ in relation to it. However, these can also be at odds with the practices of
health and social care. Tornstam and Toernqvist (2000) found that gerotranscendent
behaviours such as changes in the perception of time and the seeking of solitude
were often interpreted as signs of dementia by care staff rather than as anything
positive for that individual. Interestingly, the limiting of social contact described
by socioemotional selectivity theory (Carstensen 1992) would similarly be deemed
unhealthy by proponents of Active Aging,® an influential paradigm for health and
social care throughout Europe and beyond (WHO 2002).

Self-determination theory (SDT) from Psychology also provides interesting per-
spectives to consider in reimagining AAL/telecare. Whilst not specifically targeted
to older people, but in line with the fuller and more active characterisation of old

Active Aging — a competing paradigm which suggests greater social involvement in society is
always a good thing
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age from above, SDT takes as a starting position that people have deep tendencies
towards psychological growth and development, where well-being is defined as vital
and full functioning (Ryan and Deci 2001). Self-determination theory postulates a
number of key components for well-being: autonomy, competence and relatedness.
First, autonomy refers to the universal urge to be the causal agent of one’s own life.
This does not imply, however, that one necessarily needs to be independent of others
(Deci and Vansteenkiste 2004).

Second, competence refers to the extent to which an individual is effective
in dealing with the environment in which one finds oneself. This is closely
tied to concepts of independence and self-efficacy, which is of special relevance
to the relationship seniors have with self-efficacy of care and their relation to
modern technology in general. A necessary ingredient of satisfying interaction with
technology is self-efficacy (Bessiere et al. 2006), defined as a person’s belief about
their own capabilities to produce designated levels of performance that exercise
influence over events that affect their lives (Bandura 1977). Lack of self-efficacy
can hinder adoption of new technology, as has been found in relation to the WSD
discussed earlier. The level of self-efficacy is also related to stress. Increasing self-
efficacy is associated with decreasing stress, and seniors in particular are more
vulnerable to stress than younger adults (Hawkley and Cacioppo 2004), especially
when stress affects, and is affected by, interface use (Hawthorn 2000). In particular
older users could be negatively affected by stress during interaction with new media.

Finally, relatedness is the universal need to be socially connected to others
in meaningful ways and involves both caring for others and having others care
for you. Relatedness is experienced as a sense of communion/community through
developing close and intimate relationships with others, and different people will
have different needs for degrees of relatedness. Whilst SDT is largely defined with
respect to the individual and to explore issues of motivation, the principles of SDT
can also be practically interpreted as always being embedded in a social context and
for older adults; such issues of relatedness can also be interpreted in relation to the
socioemotional selectivity noted above.

When these three needs are supported and satisfied within a social context, people
experience more vitality, self-motivation and well-being. In cases where such needs
are systematically frustrated, this has been associated with psychopathology (Ryan
et al. 2006). Hirsch et al. (2000) similarly point to the importance of independence
(e.g. being able to care for oneself) and engagement (e.g. being able to participate
in social activities) for quality of life and physical and cognitive health.

So what do these mean for the re-imagination of AAL/telecare? Overall, these
theories point to the importance of taking agency seriously and raise challenges
for how agency can be maintained and supported by new technologies. This can
play out in a number of ways. Firstly, we suggest that the notions of active agency
and autonomy provide arguments against system approaches that rely solely on
passive monitoring or being surrogate data collectors for others’ use. Currently,
monitoring systems rarely give the seniors the chance to interact with and adjust
the system; instead, the systems, and the data they collect, are mostly used by
the service provider and/or informal carers to check on the seniors’ situation.
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This, as noted previously, ‘actually undermines independence [for older people]’
(Draper and Sorell 2012). Secondly, if we understand the importance of self-efficacy
and competence, coupled with active agency, then strategies that enable people
to develop skills and understandings around AAL/telecare in nonthreatening ways
become important for adoption (Mahmood et al. 2008). Thirdly, if we understand
the importance of ‘selectivity with optimisation and compensation’ as a positive
adaptive strategy for maintaining a quality of life, it points to opportunities to further
develop AAL/telecare as modular infrastructure that seniors can interact with to
support their adaptation practices.

These theories also point to the importance of meaningful social connectivity and
relatedness, with specific understandings of the need for more in-depth relationships
(rather than many social ties, which seems to be the focus of Facebook and such)
and the sense of purpose. We move on to discuss these social issues in more detail.

13.3.2 Social Connectivity and a Turn to Reciprocity

The importance of meaningful social connectivity and relatedness for well-being
and quality of life is shown by studies of people who do not have the level of social
contact that they want (as opposed to the positive sense of having fewer but more
in-depth friendships noted above).

The experience of growing older in many societies is often associated with
increasing levels of social isolation and reduced community involvement. This
can be due, for example, to increased mobility and geographic distribution of
families, to a decrease in physical mobility and ability on the part of the older
person to engage in local communities and to their diminishing social networks
due to bereavement and frailty (Lindley et al. 2008; Pedell et al. 2010). Social
isolation, when experienced as loneliness, has been shown to negatively impact on
emotional and psychological well-being, increasing an older person’s susceptibility
to depression (Choi and McDougall 2007), and cognitive decline (Zunzunegui et al.
2003), as well as being linked to poor functional health (Thomson and Heller 1990)
and all causes of mortality and morbidity (House et al. 1988). Conversely, good
social relationships have been identified as a key contributing factor to the quality
of life for people over 65 (Gabriel and Bowling 2004, cited in Lindley et al. 2008).

However, such characterisations of social relationships tend to oversimplify the
nature and complexity of relationships in later life, pointed to above in terms of
expected and positively framed decreases in the size of social networks, but also in
terms of differences in relationships with families versus friends/peers, and the more
nuanced aspects of social interactions in terms of reciprocity, symmetry, dignity and
self-worth, responsibilities, etc. (Lindley et al. 2008).

Reciprocity and symmetry, for example, are important aspects to draw attention
to and highlight the two-way nature of social connectivity. This can be contrasted
to the current framing of many AAL/telecare solutions which puts the person into
a position of being a generator of signals to be sensed and a recipient of care,
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captured in the concerns above about loss of identity and independence. This in turn
puts them in a disadvantaged position where systematically being in a receiving
position may be associated with potential negative consequences such as mental
distress and discontinuities or disruptions of relationships (Gregory 1994). An over-
benefited status (receiving more than giving) typically undermines a person’s sense
of self-worth and independence, and seniors generally share a reluctance to accept
‘charity’, as this is closely associated with feelings of indebtedness, dependency,
incompetence, shame and decreased self-worth. As DePaulo (1982) stated: ‘In our
eagerness to find ways to help needy populations (such as the elderly and the
handicapped), perhaps we have too often overlooked one of the most genuinely
rewarding and mutually satisfying arrangements- encouraging the “needy” to give
useful help as well as to receive it’.

Moreover, current imagining of AAL/telecare may lead to further detachment
from one’s social network, as seniors generally find it more acceptable to give than
to receive, causing a reluctance to seek help or maintain relationships where one
is on the receiving end. This can further increase the level of social isolation and
reduced community involvement that is associated with old age where social support
networks tend to become smaller and less accessible. Both the decreased size of the
social network as well as its reciprocal imbalance are known to have a negative
impact on emotional and physical well-being (Choi and McDougall 2007; House
et al. 1988). However, the impact of this imbalance can be dependent on the type
of relationship, where, for example, parent/child relationships may tolerate a larger
imbalance in reciprocity than relationships with friends, neighbours or more distant
relations (James et al. 1984).

Therefore, central to our re-imagination of AAL/telecare is the concept of
reciprocity: the process of ‘give and take’ that creates balance and stability in
people’s social relations. Reciprocity is one of the basic mechanisms underlying
social relationships and is known to predict better mental health and life quality,
than being in an over-benefited position (see Fyrand 2010 for a review). By
taking this notion of reciprocity as a point of departure, our re-imagination moves
AALl/telecare on from the current discourse around old age as primarily a period
of loss, decline and consequent ‘over-benefited’ dependency through being ‘done
to’ and ‘monitored’ by a formal care system: it moves it instead towards one of the
continued engagements with an extended social network on the basis of continuous,
mutual exchange of both instrumental and noninstrumental support, adapting to
abilities and practicalities as the individual’s issues and needs evolve. In so doing,
it also mobilises an informal peer network in complement to, and parallel with, a
formal care network.

In the following section, we move on to explore how such re-imaginations of
AALl/telecare solutions might be realised, taking agency and reciprocity as core
principles and embracing it as a socio-technical design challenge. A key element
of the approach is the exploration of how sensors and devices that are part of
AALl/telecare solutions can be taken as basic infrastructures to be repurposed to
support other needs and so extend the adoption path back into healthier older age.
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13.4 New Opportunities for Designing AAL/Telecare as
Social Infrastructure

A number of authors, especially in the areas of human—computer interaction
(HCI) and computer-supported cooperative work (CSCW), have started to draw
attention to the design challenges associated with older people and the design
of care technologies for the home (e.g. see Axelrod et al. 2009; Blythe et al.
2005; Fitzpatrick 2012; Gronvall and Kyng 2012). Blythe et al. (2005) point to
the importance of considering a design perspective through understanding the
‘users’ and settings by labelling it as ‘socially dependable design’. The home
has also been identified as having very particular characteristics as a setting for
care technologies (e.g. Aarhus and Ballegaard 2010; Axelrod et al. 2009; Blythe
et al. 2005; Fitzpatrick 2012). This creates very specific design-related challenges,
recognising that technologies designed to support a medicalised model of care in
hospital need to be ‘fit for care’, but technologies designed for care at home need
to be ‘fit for life” and able ‘to take account of the huge complexity and diversity of
lived experiences at home’ (Fitzpatrick 2012). Two general challenges arise then:
design for integration, e.g. into everyday spaces, routines and practices and into the
social context of the home, and design for active participation, e.g. via collaborative
control and interpretation and active reflective engagement (Fitzpatrick 2012).

We take these challenges as given and go on to explore some specific examples
showing how a person-centred socio-technical design orientation can open new
types of functionalities and uses for AAL/telecare solutions for enabling peer
networks and peer support. The cases paint a picture of a new path to adoption and
show how sensors and devices can be repurposed to support other needs at an early
stage of engagement, focusing on adaptive ‘healthy ageing’ and peer engagement,
as a base for later moving to more supported ageing and professional care models,
using the same core infrastructure.

13.4.1 Supporting Social Connectivity

An obvious and early ‘repurpose’ of AAL/telecare is the use of explicit communi-
cation channels. Many AAL/telecare solutions already include video conferencing
capabilities and other communication channels such as email, chat, etc. To date,
these have largely been thought about as supporting interaction with formal carers,
as in doctors or nurses or a monitoring centre. However, these are just communica-
tion channels and form part of the communication infrastructure of the home.

Can we consider ways to install these channels earlier than just when a healthcare
need arises? There is already increasing evidence about the uptake of video
by seniors, especially in the form of ‘Skype’, ‘YouTube’ and similar products,
motivated by a desire of seniors to keep in touch with remote family members,
particularly grandchildren (Sayago et al 2011; Milliken et al 2012). There are also
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many prototype devices exploring such connectivity (e.g. Lindley 2011; Waycott
et al 2013). The technology can just as well be used to communicate with friends and
to expand into new social networks. However, these platforms are often independent
from any broader notion of care infrastructure, and there are opportunities to better
integrate these as first steps of an overall AAL/telecare solution. The case of
‘geriatric1927° (Harley 2011; Harley and Fitzpatrick 2009) (Case 1) is useful to
illustrate some of the benefit of such communications.

Case 1: geriatric1927 and reciprocal care via YouTube

Geriatric1927 (real name Peter Oakley) is an 86-year-old video blogger from
the North of England who started posting videos onto the YouTube website in
August 2006. Since then, he has become a hugely popular YouTuber posting
402 videos and having 41,074 subscribers to his channel (as of 12 June, 2013).
Peter who lives on his own has found his involvement with the YouTube
community to be a transformative experience in terms of social opportunities
and his ongoing development of self. What started off as an opportunity to tell
his life story to the younger generation (Harley and Fitzpatrick 2009) quickly
developed into new roles for Peter with him acting as an informal advisor to
troubled teenagers, older people’s champion on the Internet, comedian and
singer (Harley 2011).

Whilst these roles have come with a certain degree of responsibility,
they have also provided Peter with an important opportunity for reciprocity,
allowing him to give something back to this community and the younger
generation. Peter’s development of an online YouTube presence has also
meant that the computer is now an ever-present source of social contact and
companionship within his home. When sitting down to make a new video,
he says, ‘I sort of know who I'm talking to, not individually but we are back
to this homogenous huggable community’ (Harley 2011, p. 163). Some of
Peter’s YouTube friendships have also developed beyond YouTube with some
making regular contact by email and Skype and others coming to visit him at
his home.

13.4.2 Supporting Informal and Implicit Social Awareness

Whilst such social networking technologies provide opportunities for explicit
interaction and communication, there are also ways to repurpose passively collected
data to support implicit social awareness and peer interactions. This is data that
can be captured from the embedded sensors, such as those used in AAL/telecare
solutions, as well as data from smartphones if available and used (such as GPS
location, accelerometer data and so on) and the data from social networking
connectivity.
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In a reimagined AAL/telecare scenario, peer networks can provide a first line
of informal mutual care and support, where the participants’ activity and lifestyle-
based monitoring data can be represented in some lightweight and engaging way to
be reciprocally shared with family and peers, as decided by the person who owns
the data. For the people on the receiving end of this information, it is analogous
to keeping an eye on your neighbour’s curtains and getting to know their routines
without needing to know the precise details of those routines (Riche and Mackay
2010). Neighbours do this for each other, hence promoting reciprocity.

Having such awareness can then trigger further opportunities to make personal
contact, e.g. through visiting/meeting together or using the phone or some social
networking platform for more explicit and active interactions. In this way, the oppor-
tunity for informal peer care by background awareness can also provide new non-
threatening, non-stigmatising reasons to install AAL-/telecare-type activity sensors
and puts in place the core monitoring technologies that can later be used for more
formal care scenarios. It can also help build familiarity with those technologies.

Case 2: neighbours engaging in reciprocal peer care and the markerClock

In a study with 14 older participants, living independently in Paris, Riche
(2008; see also Riche and Mackay 2010) explored the role of communication
in maintaining independence and well-being. His results highlighted the
key role of peer support in providing reciprocal care among friends and
neighbours, their desire for nonintrusive means of communication and the
ways they used an awareness of the other’s rhythms and routines of daily life
as a way of building awareness of each others’ activities and well-being status.
Based on these insights, Riche (2008) developed the design concept of
PeerCare and illustrated this with a markerClock prototype as an augmented
clock representation with an ambient display. The display was based on
implicitly collected motion data, reflecting people’s home activities as if they
had been sensed by AAL-/telecare-type sensors, and represented by symbolic
codes to communicate status and routines. A study using the markerClock as
a technology probe between friends ‘confirmed the role of rhythm awareness
in peer support and highlighted the need for value in direct communication’.

To date, AAL/telecare scenarios have largely interpreted the use of activity
monitoring sensors as being embedded in the home, e.g. motion sensors in rooms,
sensors to detect door openings, stove use, etc. This inadvertently frames daily life
for older people as tethered to the home and does not recognise them as active
participants in a broader community or indeed having mundane practices around
the need to shop and so on within the limits of their abilities.

In a reimagined AAL/telecare scenario, there is also an opportunity to rethink
where and how sensors are embedded, extending beyond the walls of the house or
apartment, and to also embrace more everyday objects. Case 3, about Walky (Nazzi
et al. 2012), illustrates this by combining an augmented walking aid and dedicated
displays.
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Case 3: Walky and instrumenting everyday objects for social awareness

The project SeniorInteraction (Brandt et al. 2010, 2012) introduced reciprocity
in design for social interaction among senior citizens in two different living
labs in urban neighbourhoods. Based on the idea of creating ‘tickets to talk’,
everyday objects and everyday activities were augmented to establish an
infrastructure for ad hoc meetings in the everyday life of senior citizens. One
design concept of augmenting everyday objects with sensors is the Walky
(Nazzi et al. 2012):

Danny lives in Bloomdale senior-housing and is 75 years old. He uses a
walking aid to walk. He is a member of a shopping group that he initiated
with five seniors in Bloomdale housing. Danny usually goes shopping twice
a week. Whilst he uses his augmented walking aid, it broadcasts status
notifications to his shopping friends.

During his breakfast, Peter, a member of Danny’s shopping group, sees an
update from his shopping friends on his tablet computer in the kitchen:
‘Danny is out shopping’. Peter remembers the four bags of coffee discount
offer in the supermarket and decides to ask Danny if he would like to share
this offer.

Simultaneously, Danny’s walking aid emits a mild vibration from its handles,
making Danny notice that one of his friends has a shopping message. He
calls Peter, and they decide to share the coffee offer.

Back at Bloomdale again, Peter — longing for company — invites Danny for a
cup of coffee.

The general mechanism behind Walky is communicating by doing. A
person, by simply using a walking aid, broadcasts activity clues to her specific
community. At the same time, through feedback from her walking aid or from
dedicated displays, a person can receive notifications from her community
friends and notice their activity. Further, through very simple actuators, also
walking aids themselves can become displays of what is happening in the
specific community.

This scenario illustrates the role of everyday objects in mediating a situated
human-to-human communication using a sensor-based infrastructure, the situat-
edness of the technology intended to facilitate seniors in the process of making
their activity noticeable for others and to notice others’ activity, the possibilities for
social interactions opened up by simple reciprocal exchanges of clues and previous
knowledge about each other’s routines. The strategy of Walky for non-stigmatising
social interaction is to enable senior citizens’ act of sharing everyday activities for
different purposes, without explicitly having to reveal what they are doing.
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13.4.3 Supporting Self-Awareness and Reflection

In some cases, the collected sensor-based data could also be made available for
the individual, whose data has been collected, for personal reflection and self-
awareness.

Case 4: eHome project and data for self-reflection

The eHome project (Fitzpatrick 2012; Panek and Hlauschek 2011) involved
a prototype AAL environment of an adaptive network of wireless sensors for
activity monitoring where the system could learn and adapt to the behaviour
patterns of the user. The prototype system was deployed in the homes of 11
people for a period of 3 months as part of a pilot study. To help researchers
validate the sensor data (as this was a prototype), participants were asked to
fill in a paper diary about their activities and movements.

One of the participants had always thought she cooked a lot for herself,
but it wasn’t until she looked back over the data she was recording about
her actual cooking habits (used to check that the sensors on the stove top were
working) that she realised she actually didn’t cook very much at all for herself
and that her diet was not good. She used this as a stimulus to change her habits
towards better cooking and eating.

Whilst the data that prompted her to reflect on and change her behaviours
was from a paper diary, it still points to the potential of having such data
available from automatic sensor detection and being able to present it back
in interesting ways, to the people about whom the data is being collected, for
their own sensemaking purposes.

Working with the data in these ways could also help address self-efficacy and
empowerment issues and lay the foundation for increased agency in more formal
care scenarios. It can help educate the person about what sort of data can be collected
by AAL/telecare infrastructures and empower them through knowledge to better
engage in discussions about how and to whom to make such information available.
When the technologies are installed by free choice for a positive self-benefit, rather
than being framed as putting the person into an over-benefited needy position, it
can also be envisaged that there would be higher acceptance and in the end greater
self-efficacy through voluntary engagement.

In summary, there are many ways that AAL-type technologies can be repurposed
to support earlier adoption in support of quality of life needs around social
interaction, reciprocity and self-reflection. We emphasise here too that when we
have talked about ‘peer care’, we have been talking about people caring for each
other, supporting each other within a community and being complements to, rather
than surrogates for, the formal healthcare system. The illustrative cases further show
that the type of sensing that can be done (in AAL) is not only useful for seniors
who are ‘needy’ in some way but to the whole community. In the YouTube case
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(Case 1), the younger people benefited as much as Peter from their intergenerational
engagement with him. The Walky example (Case 3) could also be used by younger
or more mobile people in a community to optimise their shopping and time (e.g.
by people who are very busy). The sensors could be in a shopping bag instead
of a walker. For the reflection case (Case 4), again, learning about one’s habits
could be equally interesting for the old and young. An interesting aspect of this
reimagined use of AAL/telecare is that it can help to significantly reduce the stigma
if the solutions are not specifically for the older and less mobile people.

13.5 Open Technical Challenges for a Reimagined
AAL/Telecare Agenda

In this chapter we have reconsidered AAL/telecare from a broader socio-technical
perspective, taking the senior’s perspective and their everyday practices as a point
of departure. We have proposed that reimagining both the purposes of AAL/telecare
technologies, and when and how they are implemented, might help also address
some of the adoption challenges associated with current AAL/telecare deployments.

To realise such a vision, however, one of the key technical challenges to be
addressed is how to personalise and visualise sensed data for non-professionals and
for the purposes of peer awareness, peer care and self-reflection. Example questions
include:

1. How to integrate heterogeneous sources of personal data for very different
‘social’ and personal purposes, compared to the precision and accuracy needed
for formal care purposes:

— From outside the home, e.g. using location and mobility data from smart-
phones/mobile devices

— From inside the home, e.g. using home activity by repurposing data from
AAL/telecare in-home sensors

— From communication/social connectivity patterns, e.g. using network data
from the above and perhaps from phones (calls made/received, etc.)

2. What are the new ‘lightweight’ ways of making this data available in different
ways to peers and/or family, as chosen by the person, to support mutual
awareness of each other’s activities?

— How to present creative/ambient visualisations of this data in a way that
preserves privacy but gives a feel for general activity/well-being of the person?

3. How to give people control over their own data?

— How to enable direct control by the person to configure what data is collected
from which sensors?

— How to enable adaptive personalisation of how that data is presented, so that
the person is in control of who can see what at what level of granularity?
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4. What sorts of display platforms can fit into the home and be easy to use (form,
modalities of interaction, etc.)?

5. How can sensors be embedded into other everyday objects (similar to the Walky
case) to support situated actions and keep the interaction with the sensors easy?

As an example, we go on here to discuss the visualisation of AAL/telecare data
for non-professional uses in more detail.

13.5.1 Example Technical Challenge: Visualisation of Sensor
Data for Non-professionals

Visualisation of sensor data in AAL/telecare more generally is an underexplored
area (Cook 2012). Current approaches to personalising and visualising sensed data
are mainly focused on the professional carer, where the focus is on the analysis
and trend and/or event detection for raising alerts, not on the representation and
particularly not on any representation for seniors and their peers and/or informal
carers. Where representations of the data are used, they tend to be oriented to
the monitoring service or to the system developers and take the form of complex
visual/graphical interfaces with numerical data or of graphic renderings of the
physical layout of sensors in space with annotations to indicate activities (Lotfi
et al. 2012; Thomas and Crandall 2011). Some representational work is emerging to
create visualisations of assistive smart home data for formal caregivers, e.g. using
an Activity Dashboard (Cook 2012), reflecting more general trends in the use of
clinical dashboards for healthcare data.

Other approaches to representing such data for the individual or carer are
emerging, but these do not account for their personalisable use in a diverse peer
network. Early examples of visualisations for informal carers include Digital Family
Portraits (Mynatt et al. 2001) and Intel’s CareNet Display (Consolvo et al. 2004),
both using an image of the older person surrounded by a display indicating activity
status. Whilst CareNet Display uses explicit icons to represent particular ‘activities
of daily living’ (ADL) (e.g. knife and fork to represent a meal eaten), Digital Family
Portraits uses a more abstract display of changing butterflies around the border to
indicate general activity. We propose instead a more ambiguous lightweight display
to indicate activity.

A key technical challenge then is exploring new ‘lightweight’ privacy-preserving
ways of making data (from monitoring ‘activities of daily living’ from in-home
sensors, social network activity, etc.) available to chosen peers/family to support
reciprocal awareness of each other’s activities. This provides a new dimension
of support for peer communities, linking to AAL/telecare infrastructures and
complementing formal support structures.

One approach to address this is to draw on the notion of ‘ambiguity as a resource
for design’ (Gaver et al. 2003) and of representation ‘as response rather than
reality’ (Boehner 2009). Presenting smart home data in an ambiguous form allows,
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on the one hand, the senior to preserve their privacy, and, on the other hand, it
allows multiple interpretations (Aoki and Woodfruff 2005) by the receiver of the
information, i.e. peers, informal or formal caregivers. The latter can interpret the
visualised information openly and act according to their own interpretation.

This can in turn address an ethical concern with regard to AAL/telecare
technology that allows informal caregivers to access monitoring data of the senior
at all times and thereby putting new responsibility on them to act in case something
is wrong. Informal caregivers with non-stop access to data could even be made
accountable for threats to the health and well-being of their senior relative/patient
and maybe, thereby, experience stress not to miss any crucial data. Ambiguous
data displays could prevent such risks. It also addresses another concern about
the imbalance in the care relationship by promoting mutual sharing and awareness
between peers using the same system or between young and old family members.

There are some examples illustrating approaches to using ambiguity with sensor-
based data that can be used as initial sources of design inspiration. One example
is the Affective Diary (Stéhl et al. 2009), which focusses on an individual and is
designed for self-reflection. Vibe Reflector (Boehner et al. 2003) does this similarly
but for a group in a shared experience situation. Examples of ambiguous displays
for home-based data include the work of Shankar et al. (2012) who have created
alternative ambient displays using everyday objects such as a plant and clock,
augmented with visual displays of activity data via lights, to give a remote carer a
‘sense’ of the presence of the remote person. However, these prototypes are focussed
on one person and their carer, not a peer community, and on one-way monitoring
though there would be no reason to expect, they could not also be used reciprocally.

The only work we are aware of to cater for shared ambiguous peer visualisations
is the design concept of PeerCare with its markerClock prototype as previously
described (Riche 2008; Riche and MacKay 2010), using a clock representation and
imagining access to activity data to support ‘awareness of rhythms and routines’
between a pair of neighbours, but not implemented. This is further described in
Case 5.

Case 5: markerClock revisited’ and imagining evolving care need scenario

Case 2 outlined the study that led to the design concept of PeerCare that was
then illustrated in a markerClock prototype (Riche 2008). To provide more
details, markerClock augments a familiar object in the home, a clock, and
makes use of people’s ‘familiarity of the time/space mapping’. Awareness of
routines is achieved using a trace of motion that is detected by a webcam
in front of the markerClock, which is then represented as spiral traces in
concentric rings showing the last 12 h of information for each person. There

(continued)

http://www.yannriche.net/markerclock.php
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are also symbolic codes to which the peers can assign their own meaning (e.g.
‘I'm going to bed’, ‘It’s time for our TV show’) and then drop these onto the
trace as a lightweight form of active communication.

The markerClock is displayed on a PC or tablet-sized screen, which each
person locates in a central living area. Riche explicitly addresses the issues of
negotiating privacy concerns by choosing not to do any aggregation or pre-
interpretation of the data and using an ambiguous display. This then let the
people themselves engage in the sensemaking and interpretation.

As an example of infrastructure that can evolve with care needs and
creating different representations for different needs, one could imagine a
situation when one of the participants later develops some healthcare needs
that require more formal monitoring. The same activity data could still be
collected and displayed as usual for their peer, and in parallel, the data could
also be aggregated and processed to be presented in a more detailed and
unambiguous way to the formal care provider, e.g. processed to look for
deviations from usual patterns or indicators of decline. Additional symbolic
codes could also be added in to enable the person to actively communicate
their status to their formal care provider. The same familiar infrastructure
evolved to meet changing needs.

13.6 Open Methodological Challenges

There are also methodological challenges relating to how to design reimagined
AAL/telecare solutions in ways that can accommodate the lived experiences of older
people themselves and the adaptations that accompany ageing, whilst maintaining
an infrastructure that is suitable for health and social care needs. (There are also
methodological challenges for evaluation more generally than we noted previously,
but these are beyond the scope of this chapter.) This aligns with Hardisty et al.
(2011) and their call for a codesign approach that would enlist older people
as part of a design team. We extend this collaborative notion by building on
the methodological experiences from CSCW and participatory design traditions.
Following these traditions, we argue that there is a clear role for empirical and
ethnographic studies, as also illustrated from many of the qualitative studies we
referenced in Sect. 13.2. Here, we want to focus more on the design process itself.
A central dilemma here is how best to involve older people in the design process in
an empowering way so that their individual experiences of ageing are validated and
remain central to design decisions. This is a particular challenge; based on reported
experiences, ‘design for and with the elderly carries with it some specific problems’
(Miiller et al. 2012).

One traditional approach to this has been participatory design (PD), but we
suggest that with its democratic focus, unequal roles of users and designers can
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occur in these processes. According to Ertner et al. (2010), ‘the PD researcher’s
practice is guided by unconscious assumptions and socially specific knowledge,
which become reproduced and embedded in methods, categories and interpretations.
By this the practitioner poses a risk of dominating the users, if they neglect to
focus explicitly on deconstructing the tacit aspects of their own practice’. Similarly,
Borning and Muller (2012), whilst discussing ‘unintentional ventriloquism — i.e.,
stating the researcher’s own views as if those views had been articulated by
the informants’ — suggest explicating the voice of the participants, e.g. through
‘judicious verbatim quotation, with good contextualization, [as] is [already] the
most frequent response to this problem in HCI and CSCW’. Equally, the voice of
the researchers and designers needs to be explicated to clarify how their background
impacts theory and method.

Instead, we explore codesign as an approach that might be particularly suited
to accessing the lived experience of older people and that takes as its base the
theoretical perspectives on the active agency of older people in shaping their own
lives. Codesign is characterised by ‘the creativity of designers and people not
trained in design working together in the design development process’ (Sanders and
Stappers 2008). With a shift towards codesign, the roles of researchers, users and
designers are shifting, too. The user who had the passive role of being observed or
interviewed has to become a co-designer, and the researcher/designer will become a
facilitator, providing guidance and tools to the user to make her a co-designer. These
new roles can be challenging for everyone involved.

Below, we discuss three different codesign-related approaches, moving towards
greater participation by older people: starting with concept-driven design,
then value-sensitive design and finally a ‘situated elderliness’ approach. These
approaches are all preoccupied with exploring new roles of the researchers, users
and designers and in many ways can be seen to build on experiences with from a
PD tradition.

13.6.1 Concept-Driven Design

One strategy that is about the researchers and designers rethinking how they
engage in codesign has been a turn towards a concept-driven design approach
(Stolterman and Wiberg 2010). This is a complementary approach to the user-
centred approaches. Stolterman and Wiberg (2010) argue that much interaction
design contains some new interactivity, whilst rarely contributing to the body of
theoretical knowledge within interaction design research. Creating good concept
designs aims at manifesting theoretical concepts in concrete designs, but still
requires ‘a good understanding of users, use contexts, and use’ (Stolterman and
Wiberg 2010, p. 5). Within the concept-driven design approach, methods have been
developed that help put this design approach to practice. A recent example of such
methods applied is found in the Walky design (Nazzi et al. 2012) mentioned in
Sect. 4.2 in this chapter.
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As Ertner and Malmborg (2012) point out, this concept-driven design approach
involves a risk of establishing significant gaps between the way that AAL/telecare
technology and services configure central concepts such as ageing, health and
social interaction and the senior citizens’ own accounts of this. This might have
implications for both the effectiveness of services and technology developed and
thus is an argument regarding the creation of better services and technologies
that more people will use. However, it is also a moral and ethical argument,
since by reproducing social norms, ideals and categories ascribed with certain
stereotypes and values, there is a risk of reinforcing existing societal structures
of in- and exclusion. This might particularly be relevant in terms of AAL/telecare
scenarios, which operate with categories already embedded with stereotypes and
moral judgements (as also noted earlier in the discussion about the negative rhetoric
around motivations for AAL/telecare). Gaps between users’ accounts and designers’
visions of theoretical concepts may exist regardless of design approaches used, since
design concepts, even though often invisible, also form the basis of most user-
driven design approaches. Ertner and Malmborg (2012) emphasise the need for a
more reflexive examination of AAL/telecare concepts and suggest the involvement
of users as resource to reflect upon and challenge the imaginations and categories of
‘elderliness’ inscribed in design concepts and technological objects.

13.6.2 Value-Sensitive Design

Many of the ethical considerations raised in the previous discussion, in particular
about the gap between designers’ visions and users’ account, point to the impor-
tance of foregrounding a ‘value-sensitive design’ (VSD) approach to designing
AAL/telecare.

Many software requirements engineering methods include non-functional
requirements, which deal with ‘soft’ characteristics of a system such as usability,
flexibility and performance. However, in general, non-functional requirements differ
from value considerations in that they are system specific (qualities of a system,
reflecting more a modernist stance (Greenhalgh et al. 2012)), whereas values are
primarily related to humans and human action, though they can be affected by
systems. Values are more fundamental; consequences of not supporting them are
worse, for example, when a person’s dignity is undermined, when someone’s
personal autonomy is curtailed or when someone is suddenly held responsible for
harm to others (examples that are prominent in systems supporting seniors and their
caregivers through ICT).

The need to integrate values into design has by now been well-established within
HCT (Cockton 2006; Flanagan et al. 2008; Friedman et al. 2006; Halloran et al.
2009; van den Hoven 2007). Several approaches have emerged to meet this need,
of which value-sensitive design (VSD) (Friedman et al. 2006) is one of the most
established. Over the last 20 years, VSD has been developed as a framework to sys-
tematically account for human values throughout the design process. VSD has been
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successful in accounting for stakeholder values in many research projects, for exam-
ple, to improve the safety of homeless young people (Woelfer et al. 2011). Within
the VSD framework, methods and models have been developed that help put VSD
to practice. A recent contribution is the value-sensitive action—reflection model (Yoo
et al. 2013), which introduces value-sensitive stakeholder and designer prompts to
the codesign process to provide a means for bringing empirical data on values and
to create a cycle of reflection on action. Such prompts can also be seen as creative
triggers or boundary objects that support stakeholders and designers/researchers to
be creative, to reflect on values and to communicate their perspectives.

The majority of VSD methods are focussed on conceptualising values and are
most applicable earlier in the design process, for example, during the ideation
phase. Methods (Friedman et al. 2011; Miller et al. 2007; Nathan et al. 2008) have
been developed in order to elicit and make trade-offs between conflicting values.
However, VSD currently lacks techniques to systematically translate values into
technical designs. As a result, designers are forced to come up with ways of dealing
with these unfamiliar concepts, and there is little guidance on dealing with these
issues in design (see, e.g. Detweiler et al. 2012).

To date, there is little evidence of specifically labelled VSD approaches being
used in the design of AAL/telecare solutions with seniors as participants. Within
the domain of designing care robots, for example, a few researchers have recently
advocated the use of VSD as a way to deal with ethical issues in the design
process. For instance, van Wynsberghe (2013) points out the importance of ‘rigorous
ethical reflection to ensure [the robots] design and introduction do not impede the
promotion of values and the dignity of patients at such a vulnerable and sensitive
time in their lives’. She proposed a care-centred VSD framework. Sharkey and
Sharkey (2012) stress the relevance of VSD approaches to handle the specific ethical
issues arising due to the embodied and lifelike form of care robots. However, the
works are limited to conceptual analysis and do not provide value-sensitive design
cases. Such cases are still rare or in a very early stage of development, such as
Fitirianie et al. (2013).

Hence, it remains an open research question how to contextualise VSD concepts
and methods to an AAL/telecare context and link back to the notion of adaptivity
in AAL in light of changing needs and where people might have a choice to adapt
privacy levels. Values may mean very different things in different design contexts
(for different individuals and also for the same individuals in different situations),
as might happen over a longer adoption lifecycle in our reimagined AAL/telecare
scenario.

13.6.3 A Situated Elderliness Approach

Whilst challenges with applying codesign methods and engaging stakeholders in
creative activities are general, more specific challenges occur when dealing with
senior citizens in codesign contexts. The first challenge is even identifying for whom
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we are designing. In codesign processes, designers and future users are carrying out
design activities together. As designers we may have an initial idea of who these
future users are, but users are never just ‘out there’. People have to be recruited and
mobilised to enact the roles of future users and to take on the membership in the
‘group of users’ that the design project enables.

Thus, applying a codesign approach addressing senior citizens creates a number
of challenges related to identity, self-image and stigmatisation, when these senior
citizens are to consider themselves potential co-designers. Ostlund (2005) addresses
this issue of stereotyping elderly in her discussion of design paradigms and senior
citizens’ ability to handle new technologies (Ostlund 2005). When in a lifespan,
do people consider themselves ‘elderly’, ‘old’ or as ‘senior citizens’? And what
does identification with such labels entail? Experience from codesign-oriented
projects (Brandt et al. 2010) indicates that almost nobody among the group of
people between 55 and 75 years old identifies themselves as ‘elderly’ or ‘senior
citizens’. Rather, they tend to refer to ‘the others’ or even to their own parents.
These experiences are in line with Riche and Mackay observing ‘that recruiting
proved more difficult than anticipated, in part because people do not appreciate
being stigmatized as ‘elderly’ and because they did not see a direct benefit for
themselves’ (Riche and Mackay 2010, p. 78).

One methodological strategy to approach recruitment of senior citizens for
codesign, whilst avoiding the risk of reproducing existing norms and stereotypes,
is the introduction of situated elderliness (Brandt et al. 2010), based on the idea
that ‘elderliness’ is related to everyday practices and situations of ‘feeling old’
as opposed to ‘being old’, which refer to age as a defining position. The idea of
‘situated elderliness’ is inspired by the concept of communities of practice originally
coined by Lave and Wenger (1991) and further expanded by Wenger (1998) in the
field of work to capture the skills and competencies enacted by people engaged in a
professional practice:

In using the term community, we do not imply some primordial culture-sharing entity.
We assume that members have different interests, make diverse contributions to activity,
and hold varied viewpoints. In our view, participation at multiple levels is entailed in
membership in a community of practice. Nor does the term community imply necessarily
co-presence, a well-defined, identifiable group, or socially visible boundaries. It does imply
participation in an activity system about which participants share understandings what they
are doing and what that means in their lives and for their communities. (Lave and Wenger
1991, pp. 97-98)

When expanding this concept to include everyday practices outside work, it
denotes communities of everyday practice, where senior citizens similarly are
skilfully enacting everyday practices as seniors (reflecting the notions around
adaptivity, selectivity and agency discussed in Sect. 13.3). Gradually, as they get
older, they enact what is called situated elderliness (Brandt et al. 2010). Situated
elderliness refers to specific practices and situations that involve activities that for
some reason have become more challenging or perhaps even impossible to carry
out. E-banking creates instances of situated elderliness when banks’ new digital
solutions create a group of senior citizens considered old as they are not able to
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handle their usual bank transactions due to lack of experience using the Internet.
In these situations, in a contextual sense, they practice situated elderliness, whilst
simultaneously being able to handle most other situations in their everyday life.
(Interestingly, Vines et al. (2012) identified a similar situated elderliness scenario,
using different languages, around the design of digital banking services, and coming
up with a digital pen- and paper-based solution through a participatory design
process with older people, a solution that would still afford some familiarity and
fit into their everyday practices.)

This concept of situated elderliness, and communities of everyday practices, has
been used as the basis for rethinking codesign workshops with older people, in
particular highlighting the importance of artefacts for accessing lived experiences.

Whilst all people are commonly involved in some creative acts in their lives at
some point, becoming co-designers requires a high level of passion and knowledge
in a certain domain. Sanders and Westerlund (2011) pointed out that ‘it can be
difficult to get people to create ideas when they feel that they have insufficient
knowledge and ... people who are brought into co-designing experiences may
feel that they are not creative’. The authors suggest harnessing people’s creativity
with ambiguous visual and physical artefacts. Artefacts are not only important to
trigger creativity for single participants, but serve as boundary objects supporting
communication between participants with different backgrounds. An example is
discussed in Case 6.

Case 6: situated elderliness and everyday practices as a codesign approach

The SeniorInteraction project (Foverskov and Binder 2011; Brandt et al.
2012; Malmborg and Yndigegn 2013) based on codesign through Living Labs
focused on such communities of everyday practices and situated elderliness
as an approach to engage senior citizens in design. Rather than introducing
technological devices in ideation and early concept development, artefacts
and props were introduced as a way to generate a shared language to address
lived experience of ageing for further design collaboration.

Social media was made tangible through the design concept of Super Dots.
Super Dots was not a conventional prototype, but a carefully crafted set of
props aimed at facilitating dialogue on community building among senior
citizens at a codesign workshop.

Probing into the everyday life of senior participants was combined
with prototyping and scenario building involving both seniors and design
researchers as well as public and private service providers. Unlike what is
most often the case in user-centred design, prototyping and scenario building
had an emphasis not on devices or appliances but on the social media
infrastructure and how people establish, relate to and engage different media
spaces of this infrastructure.

(continued)
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In this project the benefits of working with tangible scaffolding materials
like props as a way to engage seniors in codesign based on their lived
experience and the idea of situated elderliness were demonstrated. Social
infrastructures and technological innovations seem to be more sustainable
when grounded in lived experience of seniors’ everyday life (Malmborg and
Yndigegn 2013).

Across all these codesign approaches is a commitment to foreground the
everyday practices of older people as active adapting agents in maintaining a quality
of life that is meaningful for them. We recognise however that, in scoping this
chapter to focus on the older perspective, there are still many open challenges to
consider, in particular about how these approaches would scale up from smaller-
scale applications at the early end of our reimagined AAL/telecare adoption path
(that is more akin to everyday design, social support and informal peer care) to
later on in the care path with whole-system design initiatives (involving formal
care providers and diverse organisations) and where whole new models of care
might be needed. Work is needed to consider how these approaches could be
reinterpreted to engage all stakeholders and more importantly how to address the
dependencies and complexities between these and develop the new models of
care and infrastructures to support the reimagined AAL/telecare scenario. It is our
hope that the methodological approaches presented here, along with the different
theoretical approaches to ageing, might stimulate new thinking in these directions.

13.7 Conclusion

In this chapter, we have continued with Mort et al.’s (2012) challenge to reimagine
AAL/telecare by taking a socio-technical design perspective that foregrounds the
everyday life practices of people as they adapt to getting older. In so doing, we
have provided a review of a specific domain, that of the elderly, which instantiates
and evidences many of the conceptual, theoretical and methodological challenges
reported in this book. Specifically, we have framed (as to Cabitza and Simone,
Chap. 11) the discussion around challenges to the heroic modernist conception
of the design process. We have suggested that the mixed reports on experiences
with AAL/telecare to date, particularly around challenges of adoption, give cause to
stop and reconceptualise when and how AAL/telecare is designed to be used. The
foundation for this shift was taking a positive developmental approach to ageing and
understanding the importance of agency, adaptivity and reciprocity as key elements
of health and well-being for older people. We proposed that the devices and sensors
of an AAL/telecare solution could be better thought of as an infrastructure to be
repurposed along a care spectrum, starting with active self-care and peer care and
being adapted to the needs of formal care if and when care arises.
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The value of this approach is that it motivates uses of such technologies
from a person-centred perspective, e.g. addressing social needs and providing
opportunities to make meaningful contributions. At the same time, it provides
nonthreatening opportunities for the person to develop expertise and competence
with the technologies and empower them to actively engage in discussions of if
and how these technologies are used in care and by whom. We gave examples to
illustrate different uses for core sensing and communications infrastructures in this
regard and also highlighted technical and methodological challenges that will need
to be addressed to realise this scenario.

We have scoped this discussion deliberately around the perspectives of the
older person. A challenge still remains though about how such an approach can
gain broader acceptance within governmental and funding agencies, where mod-
ernist and change management discourses are more likely to dominate. Humanist
and modernist approaches can, and indeed need to, coexist if this reimagined
AAL/telecare is to be practically realised across the full adoption path. In particular,
the same theoretical conceptualisations can be reinterpreted for all care providers
and engaged stakeholders: as active agents, whose everyday practices and lived
experiences matter and where codesign approaches can be used to find solutions
to address these practices. We propose that it is critical to embrace this reimagining
and its broader implications to properly address the challenges around adoption and
delivering quality of life to the individual, not just cost savings to the system.
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Chapter 14
Studying Technologies in Practice: ‘“Bounding
Practices’ When Investigating Socially

Embedded Technologies

Pernille Bjgrn and Nina Boulus-Rgdje

14.1 Introduction

The idea of socially embedded technologies (SET) constitutes a new approach
into ICT research, one which has emerged from the European communities of
research on computer-supported cooperative work (CSCW). SET is based upon
the fundamental assumption that we need new ways to conceptualize research on
design, which takes into account peoples’ social practices without limiting the
human interaction to an individual computer-user relation. People and practices
are much more than their relationship with a technology, and thus the concept
of “user” is problematic. We see ourselves as researchers who embrace the new
agendas of SET, and in this chapter we will then explain approach and suggest ways
for thinking differently about design. When studying technologies in practice, we
ground our work within the CSCW tradition for workplace studies (Luff et al. 2000;
Randall et al. 2007). In recent years, we have conducted research in the healthcare
arena, studying patient tracking and triage systems in emergency departments (Bjgrn
and Balka 2007; Bjgrn et al. 2009; Bjgrn and Hertzum 2011), investigating the
introduction of electronic medical records in primary and acute care settings (Boulus
2004, 2009, 2010; Boulus and Bjgrn 2007, 2008), as well as studying the practices
of monitoring patients with heart failure in a tele-monitoring setup (Andersen et al.
2010). We believe the healthcare arena to be a perspicuous setting for studying
technology as socially embedded since it covers heterogeneous work practices,
varying technical competencies and complex organizational arrangements. We have
conducted both single-site and comparative studies (Boulus and Bjgrn 2007; Balka
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et al. 2008), and all of this work took place in Canada, Norway, or Denmark. In
each of these studies, we applied ethnographic methods to examine the collaborative
and complex practices of the particular site, with the aim of developing theoretical
concepts useful for describing and articulating practices while informing the design
of technologies that support the local and situated practices (Schmidt 1998). More
recently, we have started to reflect on what these types of engagements mean for
research and for practice, with the aim of continuously sharpening our research
practices (Bjgrn and Boulus 2011; Boulus-Rgdje 2012).

One key challenge is that the “ethnography for design” approach embeds a
sequential order to design procedure. We first study current practices and then design
technology (Wulf et al. 2011). This sequential approach does not necessarily fit
well with dynamic and constantly changing real-life practices, where technologies
and practices are continuously redesigned and reorganized. To study technologies in
practice, we have to reconsider how we think about our research approach, moving
from a sequential ordering toward focusing on aspects of multiplicity (Law 2004)
where technology and practices are dynamic and heterogeneous assemblages.

In this chapter, we explain how we can apply the focus on multiplicity when
studying technologies in practice. We explore how this approach, foundationally,
does not view technology design as sequential, and thus argue that it might be a
way to move away from a linear design agenda toward an emergent perspective. We
propose to take multiplicity as the starting point and to view practice and technology
as intertwined. This means that when investigating the world, we must find a way
to view the world as multiple, rather than consisting of dualities of practice and
technology. We argue that to make sense of the world of technologies in practice,
our work as researchers is to pull together and tease apart dynamic and multiple
entities. We constantly create and recreate boundaries, “cutting” the world in the
way that Barad (1996) suggests. We refer to this work as bounding practices (Bjgrn
2012) and argue that the entities we study are dynamic, and we play an active
part in shaping the entity under investigation. The boundaries of a technology
are constituted in enactment. Enactment refers to “the claim that relations, and
so realities and representations of realities . .. are being endlessly or chronically
brought into being in a continuing process of production and reproduction, and
have no status, standing, or reality outside those processes” (Law 2004, p. 159).
In other words, we never simply observe an external reality that exists prior to or
independent of its representations; rather, through engagement in representation,
reality is performed—it is enacted (Law 2004). Thus, we cannot study technology
independently of practices. The notion of enactment is used to emphasize that the
world is performed through sociomaterial practices. In this chapter, we illustrate
how this analytic lens can help us understand technology as a dynamic and multiple
entity. We propose that to study design, we must take into account the sociomaterial
practices that make the technology. Sociomateriality offers an analytical lens where
neither artifacts nor people are single entities with inherent predefined properties.
Instead, people and artifacts are made through relations: “[T]o be is to be related”
(Mol 2002, p. 54).
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We begin this chapter by introducing the ethnography for design approach and
its related history. We then bring forward the sociomateriality approach, exploring
how to comprehend technology and practices as multiple. Next we introduce the
concept of bounding practices to describe the research activities required to study
technologies in practice. We present one ongoing research project—technologies
for democracy—to illustrate how bounding practices can help us to analytically
understand what makes the technologies in this project. We then discuss the
impact of this approach and where it might take us, and we finish by offering our
conclusions.

14.2 Studying Technologies in Practice

When Schmidt and Bannon (1992) wrote what can be seen as the manifesto of
CSCW research, the two prevailing issues within the CSCW community were
(1) studying the basic nature of collaboration and (2) using this knowledge to
design collaborative technologies (Schmidt and Bannon 1992). Back then the
CSCW approach was challenging the dominance of office automation research by
questioning basic fundamental assumptions about CSCW research. These led to the
arguments that no formal description can fully capture collaborative work, that it is
impossible to anticipate every contingency which might occur, that collaboration is
open ended, that there will always be exception handling, and, finally, that plans are
resources for work and that these are different from the actual work (Schmidt and
Bannon 1992).

At this time the design community extended an invitation of collaboration to
social scientists, and efforts were made to bring ethnographers into the field of
computing. To acknowledge “the social” within technology design, the research
agenda of CSCW was founded on interdisciplinarity. However, inviting ethnogra-
phers into the field of computing to learn from their methods also changed the field
itself. Whereas ethnography is generally a descriptive discipline, the ethnographers
entering the CSCW domain had to adjust their interests or, as Schmidt and Bannon
put it, “enter, and you must change” (Schmidt and Bannon 1992, p. 11). Thus,
although ethnography initially did not necessarily have an explicit change agenda,
by entering the field of computing, the agenda was introduced. This new agenda
for computing research as well as for ethnography became formulated in terms of
ethnography for design (Bentley et al. 1992; Hughes et al. 1992, 1995), where the
main interest is studying practices with the aim of supporting technology design
(Blomberg et al. 1993). Over the years this agenda of bringing ethnography and
design together has been discussed extensively (e.g., the Coordination Debate:
Suchman 1994; Winograd 1994; Grudin and Grinter 1995), but arguably few
ethnographic studies have succeeded in creating relevant design implications for
technology innovation. Bridging between the two worlds of ethnography and design
can also be referred to as the divide of CSCW (Schmidt 2009) or the problem of
“implication for design” (Dourish 2006). From these debates we have learned, at the
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very least, that translating ethnographic findings into design implications is difficult
and requires additional academic work from a diverse group of collaborators
representing the different disciplines to bridge the gap. Often articles dedicated
to discussing this transition focus on explaining ethnography while paying less
attention to explaining the actual move from ethnography toward design. While
there is a general agreement that we can extract requirement specifications and
recommendations from ethnography for a particular user group, it is much more
difficult to figure out how exactly ethnographic insights can add to design. This
has led to several papers dedicated to producing findings in either one area (e.g.,
ethnography (Hartswood et al. 2003; Svensson et al. 2007; Mgller and Bjgrn
2011) or design (e.g., design (Dourish and Bly 1992; Gutwin and Greenberg 2002;
Yamashita et al. 2008). However, it is not easy to find papers that aim to contribute
to both fields. There are, of course, a few exceptions (Bardram and Bossen 2005;
Bjgrn et al. 2009; Wulf et al. 2011).

Although this divide is still a relevant issue for CSCW research, there is a
distinct difference between the situation back in the 1980s—1990s and that of today
and as we look toward the next decade, namely, the escalation of new technology
inventions and their quick adaptation in the everyday lives of people. Today, we
find the constant and rapid release of new technological devices (e.g., tablets and
smartphones), new collaborative applications (e.g., Google Docs and Dropbox), and
new apps (more than 100 new apps are released on a daily basis)—and people
quickly adopt these devices and collaborative technologies into daily life. This
offers a distinctly different situation from the studies of adaption of collaborative
technologies back in 1992 (Orlikowski 1992).

In Orlikowski’s (1992) study of Lotus Notes, she explained why collaborative
technologies implemented in organizations did not lead to “instant collaboration”
but instead required organizational implementation where people learned why they
were using the technology, the basic nature of the technology, and then developed
technology-in-use practices. There was a general consensus among researchers that
collaborative technologies are more complex to handle than single-user systems,
for example, in terms of adaptation, difficulties in evaluation and cost/benefits
(Grudin 2004). However, in present-day western societies as well as in growing
economies, ICT technology has become both mundane and ubiquitous. People are
more likely to adopt new and unknown technologies with little hesitation. Thus,
we might ask whether the time for CSCW researchers to conduct long-term, in-
depth ethnographic studies in order to inform design is changing. By the time
we complete our ethnographic study, new technological opportunities have already
emerged, practices have already changed and so have the conditions surrounding
these practices. Thus, we join other researchers (e.g., Pipek and Wulf 2009) in the
attempt to remove the strict and simplistic separation between design and use, since
the term “design” risk is misleading the focus to only concern the technological
“artifact” while neglecting the surroundings by which the technology is to be
enacted.

Therefore, as researchers who believe in designing high-quality collaborative
technologies based upon an in-depth understanding of practices, we have to adjust
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to the contemporary changes around us and find new ways to study practices
and technologies in a timely manner without abandoning a critical approach. The
question then is how can we conduct solid academic research on socially embedded
technologies when the social and the technical continuously and rapidly change?

14.3 Sociomateriality and Bounding Practices

If we are to redirect our research approach to the study of technologies in practice
toward an approach, which takes into account the inseparability and multiplicity
of the technology and the social, we first need to define what makes practice and
technology. For this purpose, we to turn to sociomateriality (Leonardi et al. 2012;
Jones 2013) as the theoretical foundation that can help expand our empirical views
when studying technologies in practice. So what is practice? Applying the lens
of sociomateriality, practice is the connections that hold together heterogeneous
actors, artifacts, and activities (Orlikowski 2007). Practice is the entwined nature
where neither artifacts nor people are single entities with predefined and inherent
properties; instead the social and the material are inseparable and constitutively
entangled (Haraway 1991; Barad 1996). Practice is a tangle of strings. Haraway
(1987) uses the metaphor of a ball of yarn to explain practice. In the ball of yarn each
string represents one cut down into reality. If we pull one string and follow it through
the tangle of multiple strings, we learn how “this entity” is tangled into many other
strings, each adding to the comprehension of the one string and the relations that
make the string (Haraway 1987). Each string comprises the sociomaterial relations
of technology and practice. The tangle is flexible, dynamic, and multiple. The strings
can be pulled in different ways, bringing forward particular connections while
moving others to the background. Each molding activity of the strings is part of
what makes the entity of practice.

Applying the lens of sociomateriality, technology is never a stable entity; instead,
it is always dynamic and multiple. Viewing technology as a dynamic entity is in
line with the basic assumptions about collaborative technologies in CSCW, namely,
that we cannot anticipate all contingencies, that collaboration is open ended, and
that exception handling will always exist (Schmidt and Bannon 1992). However,
in the early writings of CSCW, technology—which although could be technically
reconfigured—was a relatively stable entity, while the social practices surrounding
the technology were malleable. We propose in this chapter a different argument,
namely, that technology is not simply a single entity. Instead technology is emergent
in use—in the sociomaterial practices. This dynamic perspective on technology
means that the boundaries for what makes the technology are not predefined by
the technical artifact. Instead the boundaries for what makes the technological
artifact come into being through the enactment of the sociomaterial relations which
change over time. Technological artifacts can therefore be seen as a hyphenated
structure of relations, where the relations are multiple and changing over time. The
word processor that we are using to write this chapter is part of the technology
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relations that we are enacting. The entity might, at some point, emerge as [word
processor-chapter-book-editors-coauthors-empirical work-literature] while at other
times as [word processor-Internet-laptop-reference tool-reviewing chapter-book-
editors]. Placing the social and the technical as “one entity”, as one wholeness, “does
not signify the dissolution of boundaries. Boundaries are necessary for making
meaning” (Barad 1996, p. 182).

The sociomaterial perspective implies that all practices are part of the tangle of
practices, which, in theory, are never ending and inclusive. However, not all relations
are salient at all times. Those relations that act and are enacted create the boundaries
for what is to be included or excluded from the unit of analysis. The question then
becomes, how can we study something that does not have predefined boundaries? It
means that studying technology in practice is not just about opening the black box
of technology and retrospectively analyzing how it became stable (Latour 2005).
Instead, opening the black box of technology requires us, the researchers, to search
and identify the boundaries of that box at a particular point in time. Thus, the
perspective on design of technology without predefined boundaries pays attention
to the work of identifying boundaries over time as well as taking active part in
changing these boundaries. In other words we, the researchers, and their methods,
participate in the enactment of what makes the technology. “The argument is no
longer that methods discover and depict realities. Instead, it is that they participate
in the enactment of those realities” (Law 2004, p. 45).

The world is composed of entangled, complex, and multiple relations of tech-
nologies and practices. This makes the work of the researcher attempting to access,
map, and analyze these relations more challenging, since there is no one set of rela-
tions existing out there ready to be mapped. Instead, when studying technologies,
we at all times have partial access to part of what makes the technology. The critical
question then becomes, how do we know that these are the relevant relations for our
purpose? When we study and design technologies without predefined boundaries,
we need analytical tools and instruments that can help us comprehend the world
(the tangle) not simply as an untangled complexity but as an investigation of where
the important enacted relations become visible, available, and salient. We refer to
this work as bounding practices (Bjgrn and @sterlund 2014). Bounding practices is
work required to zoom in on a technology—a particular interest—and investigate
all relations that are part of the technology while creating the boundaries for what
makes the technology. Bounding practices is the work required to pick and pull the
strings in the entangled yarn in order to identify the different relations and decide
how to draw the boundaries around the entity being studied. Bounding practices
“has a double meaning — namely to bind together, as in hyphenated-structures, and
to set the boundaries for what makes the entity, as in [bracketing structures]” (Bjgrn
2012). Thus, the work we, the researchers, have when we study technologies and
practices as dynamic and ever-changing phenomena includes the work of identifying
and deciding how to pull out strings within the practice—strings which are critical to
understanding the object of interest and reveal interesting and relevant sociomaterial
relations in the hyphenated structure. We will now illustrate the application of this
approach.
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14.4 The Democratic Technologies Project

The second author is currently involved in a large research project called DemTech
(2011-2016), studying democratic technologies. The project brings together com-
puter scientists and social scientists with the aim of studying the design and
implementation of electronic voting technologies. DemTech is a strategic research
project where one key goal is collaboration between researchers and industry.
Therefore, the project has different partners, including two IT vendors' and the
three biggest municipalities in Denmark. The project started in July 2011, with
ethnographic observations of the parliamentary election in Denmark, including
following closely the planning, implementation, and evaluation phases of the
election. The research team conducted formal and informal interviews with different
policy makers and municipal employees. Furthermore, the team attended seminars
for municipal employees (one that prepared staff for the upcoming election and one
that evaluated the election), conducted and participated in several meetings with
different stakeholders, organized a public event at the parliament and workshops
with both academic and nonacademic audiences, and participated in various public
debates in the media.

What is particularly interesting in the DemTech project is that it illustrates how
the technology in question is a dynamic entity that is changing over time and where
the researchers are actively taking part in (re)defining what makes the technology.
Furthermore, the role that the ethnographic observations play in this research project
is quite different from merely providing requirement specifications for a prototype.
In this way, the conventional sequential process of first ethnography and then design
is not appropriate for this kind of research.

14.5 Democratic Technologies as a Sociomaterial Entity

In this section, we will demonstrate how the technology in the DemTech research
project took different forms over the period of the project. In particular, we will
pull different strings in the ball of yarn which makes “democratic technologies”
and explore the sociomaterial matters at different points in time. Each time we
pull a string, we bound the technology in particular ways, and it is within these
bounding practices that the technical artifact emerges as an enacted sociomaterial
artifact. We will present three concrete parts of the DemTech project and pull out
how the “democratic technologies” were bounded at that time. The examples we
chose all relate to the early stages of the research project and as such reflect upon
the initial grant proposal and to how it was forced into a “traditional” sequential
understanding of first conducting ethnography and then designing. However, in
practice, this approach sets constraints for what actually turns out to be the important

I'This was the case at the time of writing this chapter; however, the project no longer has the two
IT vendors as partners.
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research findings for such projects relevant for both research and society. Thus, our
argument concerns how some of the funding agencies tend to perceive ICT research
in an old-fashioned perspective and a suggestion into how we can conceive optimal
opportunities for future ICT research.

14.5.1 Grant Proposal

When the DemTech grant application was originally submitted to the Danish
strategic research council, the argument was that although computers have already
began replacing different parts of the democratic process (e.g., calculating seat
assignments in parliament), and although this technological change has often been
ascribed different advantages (e.g., in terms of efficiency and finance), it also brings
about different risks. Therefore, the aim of the project was to provide insights
into ways to modernize the elections without jeopardizing fundamental and crucial
principles upon which democratic elections rest. It is important to keep in mind
that while many countries across North America and Europe have been suffering
from declining voter turnout, Denmark has had one of the most stable trends with
an average voter turnout of approximately 85 % for parliamentary elections.” Danes
are generally perceived to have a relatively strong trust in their electoral system
and in democracy. What is at stake here—democracy—is thus a very precious and
well-oiled machine that has been built through many generations. It is, therefore, of
utmost importance to make sure that digitalizing elections is done in a manner that
it preserves the strong tradition of democracy in Denmark. The DemTech funding
proposal reflects on some of the views that claim that the digitalization process of
elections is inevitable and the question is thus not if this will happen but rather
how and when this will happen. These views see technologies in an almost wholly
positive way, increasing voter participation and making elections more inclusive by
encouraging the youth, the elderly, and the people with disabilities. The question
that remains is, how can the elections be modernized without jeopardizing its
trustworthiness and the trust of the voters? Research in the DemTech project is
expected to explore this question by studying existing election practices in order
to ultimately propose and experiment with different technological innovations. In
a way, it can be said that the project mimics to some extent the way in which
ethnography for design has been portrayed since the beginning of the CSCW field.

14.5.2 Parliamentary Election 2011

Three months after the official launch of the DemTech research project, the prime
minister of Denmark called for parliamentary elections in June 2011. While in many
countries parliamentary elections take place every 4 years, this is not the case in

Zhttp://archive.idea.int/press/pr20011120.htm (27 May 2011).
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Denmark where these elections can take place any time before the maximum length
of parliament, if the prime minister decides to call for such an election. The research
team was thus thrown out into the field to conduct preliminary ethnographies of
the election practices. “Democratic technologies” initially concerned “e-voting”
machines and the focus was on how these machines could replace the actual pro-
cesses which are part of elections (e.g., ballot casting, ballot counting, etc.). The pre-
liminary ethnographic observations brought to the foreground the various artifacts
that emerged as relevant and crucial for making the election process democratic.

When we lift the curtain and look inside election practices, we see that these
practices stretch beyond election day. For instance, election practices are enacted
not only on the day of election; they exist also during several months of preparation
where election officials (i.e., municipal workers) work long days in order to be able
to get everything ready. Furthermore, election does not end on election day; various
election officials continue to work weeks after the election, reporting summaries
to the different authorities, evaluating the election, etc. It becomes quickly clear
that the actual ballot casting is only a very small part of the large sociomaterial
machinery which makes “technology for democracy.” Observations of the election
revealed the importance of the different artifacts which are part of what makes
“technologies for democracy.” This included, for example, the ballot boxes at the
election locations, the curtains and the voting booths, the ballots and the voters
cards, the lists of political candidates, the many rubber bands and Post-It notes, the
pencils used for marking the ballots, the local volunteers and municipal workers, the
laws and regulations for tallying and for ensuring the presence of representatives
from political parties, etc. All these are sociomaterial components, which are a
critical part of what contributes to the relatively high trust in elections in Denmark.
While giving a complete description of all the sociomaterial practices involved in
elections is not the intention of this chapter, our main point is that the “democratic
technologies” were clearly much more than “e-voting machines”; these include
complex practices where artifacts and people engage in particular ways to ensure
the trustworthiness of the election. Exploring the different bounding of what makes
“technology for democracy” over time from the grant proposal toward the different
activities conducted as part of the research project, interesting transformations
emerge. What is part of “technology for democracy” initially is changed over the
period of the project. The entity “technology for democracy” becomes inclusive of
new relations while excluding other relations. One can say that particular aspects of
the entities are bracketed out, while other aspects become bracketed in. As can be
seen from the above, the “technology for democracy” as a sociomaterial entity has
thus changed since writing the research proposal.

14.5.3 Political Agency

During the DemTech project, the research team received several invitations from the
different partners, which gave the project the opportunity to have political agency.
However, each opportunity constituted invitations into supporting the different
political agendas of a diverse set of people.
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A workshop was organized by the Ministry of Finance and Interior in order to
initiate a debate about e-voting technologies. The research team was invited to assist
with organizing and holding the workshop in collaboration with the Danish Board
of Technology (Teknologiradet). The research team accepted the invitation which
was seen as a way to facilitate and participate in the political discourse around e-
voting technologies in Denmark. Different social groups were invited to participate
in the workshop, including municipal employees, different kinds of experts (IT, law,
etc.), technology critics, hackers, and activists, all with different perspectives on
“democratic technologies.” The activists and technology critics were questioning
the municipalities’ interest in e-voting and asked whether there was any solid
business case behind the wish to implement e-voting technologies. Questions were
raised about the cost of e-voting technologies and about whether there was any
solid and scientific evidence backing up the expected benefits of these technologies.
Furthermore, the IT and security experts expressed their concerns while explaining
that none of the technologies available today were secure enough against tampering
and hacking attempts. Thus, during the workshop, the “technology for democracy”
was constantly redefined.

In general, it can be said that the workshop led to questioning several basic,
yet taken for granted, assumptions, for example, that the implementation of e-
voting technologies will inevitably happen as part of the modernization process
and that this will lead to cost reductions, increased efficiency, etc. Although e-
voting technologies were at the center of the debate, the workshop also invited
municipal employees in order to include their insight about the current work
practices, procedures, and traditions surrounding elections. This was followed by a
presentation by the second author summarizing the insights from the preliminary
ethnography during the 2011 election. This presentation focused on lifting the
curtains behind elections and unpacking the various organizational processes and
sociomaterial practices that take place when organizing elections. It became evident
that a greater understanding of the current paper-based system would be beneficial,
if not necessary, before considering any e-voting technology. In other words, before
discussing the requirement specifications for the new electronic system, we needed
to investigate in greater depth the current practices, regulations, and traditions
surrounding elections.

This workshop can, to some extent, be conceptualized as a design workshop
where the space for design extended the boundaries of the technical artifact. The
“technology for democracy” was no longer a simple and clear black box of e-
voting technology that must come into existence. Instead the construction and
existence of the technology were questioned by some of the workshop participants.
In this particular case, the role of the researchers was not merely to identify
requirement specifications (which in and of itself is a difficult task requiring
in-depth understandings of technological opportunities) but rather to facilitate a
critical discussion about e-voting technologies and enroll the different actors and
voices that are relevant. Thus, the researchers’ contribution was participating in and
influencing the discourse on what constitutes the technology, rather than merely
listing requirement specifications.
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During the short period of the research project, the team received various
invitations from different stakeholders. Initially the research team collaborated with
two smaller municipalities, but during the project they received requests from other
municipalities who wished to join the project. In another incident, the municipalities
invited the research team to join the effort to change the law in Denmark that does
not permit experimenting with e-voting technologies. The municipalities invited
the researchers to study their work practices and help them showcase the need
for e-voting technologies. In a difference incident, one of the vendors invited
the researchers to conduct experiments and test his e-voting machines with real
voters. In this case, the researchers did not accept this invitation. They feared
that participating in the vendor’s experiments might risk their position as it was
important for them to protect their independent academic and scientific voice.
Finally, the researchers were invited to meet other stakeholders and businesses
involved in elections in different countries (i.e., Africa, the Philippines, and Egypt).
In November 2011, after the popular uprising, some of the team members who went
to Egypt to participate in initial discussions were interested in e-voting technologies.

Around the same period, the research team was also invited to work with the min-
istry. Thus, part of the research team’s activities became to advise and guide the min-
istry about the topic of e-voting. These engagements and relations with the munic-
ipalities, the vendors, and, not the least, the ministry have given the researchers
a unique opportunity to participate in influencing policy and the debates about e-
voting technologies in Denmark. At the same time, it has been immensely important
for the researchers to preserve their independence and critical academic role.

14.5.4 Societal Impact

As can be seen from the above examples, during the relatively short period of
the research project, the research team has been drawn in different directions,
invited to take different roles and to create different sociomaterial relations with
various stakeholders. These different invitations and roles change depending on the
contextual circumstance as well as the political context at particular points in time.
For instance, at the outset of the research project, the prime minister announced
parliamentary elections in Denmark. This meant that the research team did not
have as much time as they initially assumed and they were rushed into the field.
During this election, one of the vendors demonstrated their e-voting machines. Thus,
although the research team was cautious and avoided introducing any technology at
that point in time, the vendors have already moved ahead and demonstrated their
e-voting machines. Not too long after, a letter was written by several municipalities
and was quickly submitted to the ministry requesting to change the law. The
municipalities have already attempted to change the law a few years ago but with
no luck. The newly elected government seemed initially more welcoming; however,
the situation changed and the government turned down the second request to change
the law. These are some of the changes in the local conditions that influenced the
research agenda and activities.
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It is worth noting that the pressure initiated by the municipalities to change
the law was partially influenced by the fact that Norway had initiated a new pilot
project testing Internet voting. The context surrounding the DemTech project has
been continuously and rapidly changing, influencing the opportunities and types
of roles and interventions that the research team received at different moments in
time. What is critical here is that at no time was it relevant for the researchers to
contribute by identifying requirement specifications or evaluating the technology.
Instead, the main contribution from the researchers has been in the form of shaping
the discourse and practice which makes “technology for democracy” while at all
times keeping track of this dynamic entity by binding together new and bracketing
out other sociomaterial relations.

14.6 Socially Embedded Technologies

Studying technologies in practice while acknowledging that we cannot make a
separation between the social and the technical brings particular research agendas
to the table and changes the focus for what the researchers have to do when
engaging with practice. We propose the concept of bounding practices to describe
the work the researchers do when studying technologies in practice as sociomaterial
dynamic entities.

We presented examples from the DemTech project to illustrate how different
boundings of technology are created and changed over time. The example of the
ministry workshop to which bloggers, hackers, and activists were invited illustrates
very clearly the bounding practices, which took form during the research project.
That is, the relations toward the requirement specification were cut, while new
relations were created, for instance, by inviting activists and technology critics. This
illustrates how the role of ethnography for design has to expand when we study such
dynamic and multiple entities. We are no longer simply identifying requirements
or evaluating technology use; instead we are part of creating the technology and
conceptualizing the sociomaterial relations that make the technology. While this
role is not limited to ethnographers, it includes all the different kinds of research
practices engaging in projects similar to DemTech. What this finding points to is that
funding for ICT research has a clear tendency toward a particular type of research,
namely, technological deterministic research, where the center of attention is the
creation of a technological artifact. It can be said that it is not entirely a coincidence
that the original agenda in the DemTech research proposal pays great attention to
the technical artifact. Reviewing funding calls for ICT research in, for example, the
European Horizon 2020, the types of projects which can be funded are typically
centered on the construction of a technological artifact, which is expected to
improve practices. Even though we ICT researchers are well aware that the technical
artifact does not automatically lead to improved and successful new practices and
that research opening up and critically examining such technologies serve a valid
and important ICT research topic, we still find ourselves in situations where we
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have to adopt the technologically deterministic rhetoric of the funding agencies
when writing research proposals. The rhetoric of research proposals obviously does
not imply a complete adherence to the actual research practice. As we saw in the
DemTech project, the researchers took upon themselves the role of participation and
letting the empirical field guide what made the entity “technologies for democracy.”
This investigation includes political, technological, and commercial environments
and all important information infrastructures constituting the practice of democracy.

What is important to note here is that in most cases, the ostensible purpose
of ethnography in strategic technology project grant applications is formulated as
providing requirement specifications for the future design of a technology. ICT
funding is directed toward the design of technical artifacts, and the role of other
disciplinary engagements in design is often seen as supportive. The sequential order
between first studying practice and then designing technologies remains dominating
in the nature of ICT funding structures, a sequential ordering which does not take
into account the complex sociomaterial practices which shapes technology in a
modern society. Technologies are not stable singular objects; instead they only come
into being when enacted in the practices by which they are part.

“Democratic technologies” were enacted in multiple different ways along the
DemTech project, and these became different things at different points in time.
What made the “democratic technologies” in the interactions with vendors and
commercial interests was different than what made the “democratic technologies”
when the researchers interacted with technology critics. But rather than referring
to these differences in terms of different perspectives, we argue that the unit of
analysis—*“democratic technologies”—was made in different ways, and thus the
boundaries for what makes this unit were dynamic and constantly changing. The
entity “democratic technologies” is both a commercial interest and a possible engine
for trust in democracy. This entity is bounded continually and over time it takes
multiple forms. If we are to design “technologies for democracies,” we have to
take a diverse set of boundings into considerations, which only appears to us if we
pay analytical attention and expand our notions for what makes the boundaries of
technology design.

In this chapter we propose that socially embedded technology research is
a promising opportunity for dismissing the current technological deterministic
perspectives on ICT research, and we propose that one possible replacement
is the sociomaterial-design approach (Bjgrn and @sterlund, in progress), where
we attempt to design technical artifact without predetermined boundaries. This
approach suggests that researchers should pay critical attention while participating
actively in the bounding practices making the technology.

14.7 Final Remarks

We argue that the sequential order of first conducting ethnography and then
designing technology no longer holds because technology today is dynamic and
ever changing, and by the time we complete our ethnography, both practice
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and technology are already evolving, sometimes dramatically so. Therefore, we
recommend rethinking the role of research in such situations, and, in particular,
we suggest thinking about the researchers’ role as creating and managing the
boundaries for what makes the technology. The boundaries for what makes the
technology are no longer simply predefined; instead they are created and recreated
when people enact technology, and they are continuously changing and being bound
in different ways.

We cannot study the technology without the social, and as such the social
becomes constitutive part of what makes the technology. Socially embedded
technologies form an overall umbrella of different approaches for ICT research. In
this chapter we have proposed a way to conceptualize the practices of SET research,
namely, in terms of designing technological artifact without predetermined bound-
aries by investigating, experimenting, and participating in the bounding practices
which make the technology. Our role as researchers is thus to engage with relevant
groups and communities with invested interests in the ICT topic and to study how
technology becomes bounded in practice. This includes identifying relations in a
hyphenated structure as well as [bracketing] the entity by distinguishing what makes
the boundaries for the black box of technology.
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Chapter 15

Designing for Lived Health: A Practice-Based
Approach for Person-Centered Health
Information Technologies

Elizabeth Kaziunas and Mark S. Ackerman

15.1 Introduction

Health is almost always a deeply personal issue. As individuals, people struggle
to maintain and enhance their health within their own “messiness”’—their values,
practices, and beliefs.

At the same time, a person’s health is always social. It is arranged against and
in conjunction with medical practices and institutions. Health is also engaged often
within a family and almost always within a community context (e.g., with a person’s
lifeworld and set of social worlds).!

Systems that incorporate both a deeply personal view of one’s health and at the
same a nuanced understanding of its social contexts would be—in keeping with
the arguments in the rest of this book—the most helpful and usable. Currently,
a medicalized viewpoint limits system designs to narrowly prescribed forms of
activity, almost always within the hierarchical relationship of doctor and “patient.”
(Indeed, in US medicine, there is currently no vocabulary for “person” outside
of “patient” and “consumer.”) While the Human-ComputerInteraction (HCI) and

'In this paper we use “community” in the common usage to refer to a group of people living in the
same place (e.g., Flint community) or having common characteristics (e.g., medical informatics
community). We use the technical term “lifeworld” to talk about an individual’s view of their lives
and social contexts. For a fuller discussion of the “lifeworld,” see Luckmann (1970), Shutz and
Luckmann (1973), and Schutz (1967). We will use the term “social world” to talk about specific
collectivities that form and encapsulate social contexts. For a fuller discussion of “social world,”
see Strauss (1991, 1993).
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Computer-Supported Cooperative Work (CSCW) research communities have a
more nuanced view of the “personal,” designs are arguably still limited in their
adoption of social context.

This chapter examines what sets of social relations “person centered” has and
might include, based on theoretical grounds and grounded in a field study in Flint,
Michigan (a city in the American Midwest). We wish to ask how relationships
among family, friends, caretakers, and community health workers can be reflected
in healthcare designs. Below, we first examine the history of the “personal health
record” (PHR) and find that the design of PHRs has swung toward an individualized
view of the patient mirroring that of institutionally controlled electronic health
records. It has become, over time, limited in its view of the “personal.” We
then proceed to extend the PHR’s view of the “personal” based on recent social-
theoretical frameworks and show that this extension is in line with recent HCI and
CSCW personal health application designs.

We argue for a new approach to healthcare systems—oriented toward lived
health—that supports the social richness of people’s practices. As a part of this
wider design space, we call our socially enhanced vision for the PHR a “person-
centered health technology” or PcHIT. (We use the “PcHIT” term primarily for
expository clarity here; it can also be seen as a general extension of the personal
health record or of personal health applications.) The chapter then demonstrates the
analytical power of this extension by showing that it fits the findings from a study
of people with chronic diseases in Flint.

We begin with a brief history of work in medical informatics that involves
“personal” health information.

15.2 Framings of the Personal in PHRs

One place where conceptions of the “personal” have most prominently played a role
in medical informatics is personal health records (PHRs), of growing interest to a
wide range of academic disciplines. PHRs have optimistically been lauded by many
as ushering in a new age of patient-empowered medicine. As Sittig (2001) writes,
“Internet-based, personal health records have the potential to profoundly influence
the delivery of health care in the twenty-first century.”

It has often been remarked upon, however, that “PHR” as a concept and
technology includes a range of definitions and designs (Angst et al. 2006; Archer
et al. 2011; Gearson 2007; Kaelber et al. 2008; Osterlund et al. 2011). Over its
relatively brief history, the “P” in PHR has stood for personal, patient, parent, and
patient controlled and patient held (Kim et al. 2011). The medical informatics lit-
erature has increasingly come to see PHRs as various arrangements of information,
architectures, and tools focused on supporting the institutional role of the patient
and the work practices of clinicians; yet, other less bounded interpretations of PHRs
have been voiced. A widely cited report released by theMarkle Foundation, for
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instance, broadly defines the PHR as “a single, person-centered system designed
to track and support health activities across one’s entire life experience” (original
emphasis, Markle 2003).

This section surveys how medical informatics has come to adopt a particular
viewpoint toward the “personal.” In short, a set of institutional imperatives—
including fixing a dysfunctional and fragmented healthcare system in the United
States—have pushed toward conceptualizing the PHR as a unified data set for an
individual that can be shared across organizational boundaries. In this way, the “P”
in PHR has become more specifically framed around the medicalized role of the
patient.

15.2.1 PHRs: A History

The personal health record is far from a new concept in that people have long
maintained paper-based health records, be it a notation of births and deaths inscribed
in a family bible or a list of medications hastily scribbled on the back of an envelope.
Community health studies in the 1970s and 1980s focused on the use of paper health
records in specific populations. This research—grounded in the theoretical discourse
of medical anthropology and medical sociology—acknowledged that meanings of
health varied widely among groups of people. This understanding of health provided
the starting point for research on health records driven by social interests.

Kim et al. (2011) note that the first appearance to a PHR in an academic journal
came in 1969, a brief allusion to a “personal record linkage.” Studies on the history
of personal health records show that there was a steady number of references
to PHRs in the medical informatics literature through the 1990s and a dramatic
increase in PHR references around 2005. During this period of heighted attention,
a number of publications engage specifically with the challenges of classification
as researchers within medical informatics set themselves the daunting task of
“defining” the PHR. (For a complete review of the PHR literature, see Jones et al.
2010, Kim et al. 2011, and Archer et al. 2011.)

In the 1990s, the “P” in the acronym of PHR held a number of interpretations.
Kim et al. (2011) point out, for example, how the terms “parent held record”
and “patient-held health records” were both introduced to the medical informatics
literature in 1993. Many of these early descriptions of PHRs offer inclusive
understandings of the personal. Such a viewpoint can be found in Iakovidis’
(1998) article on the adoption of electronic health records in Europe that heralds
the emergence of personal health records. Iakovidis describes PHRs as a “new
generation” of electronic healthcare records that would be connected to “virtual
healthcare centers.” PHRs are positioned as tools for patient empowerment that will
support people in taking a more active role in managing their health information and
making decisions about personal health-related activities.

Although “patient” is referenced heavily in Iakovidis’ design narrative, several
of his design specifications demonstrate a nuanced understanding of the personal
that extends beyond a strictly biomedical framing.



360 E. Kaziunas and M.S. Ackerman

The electronic healthcare record will not only be accessible to the patients but it will also
incorporate their views and notes resulting from self-monitoring of chronic illness, to make
dietary notes, monitor sport and exercise performance, behavioral activities and moods etc.
We could see in the near future the development of personal health status monitoring and
support systems at home that interact with personal health records and complete the picture
in the continuity of care scenario. (Iakovidis 1998)

Takovidis’ vision of self-monitoring and data tracking, interoperable home health
technologies, and emphasis on health and wellness can be seen in the current Health
Information Technology (HIT) landscape of endless mobile health applications,
biosensing technologies, and the popularity of the Quantified Self movement whose
participants enthusiastically record, track, and share a variety of biometric data
from sleep patterns to heart rate fluctuations. This early PHR vision is additionally
compelling in that lakovidis also suggests people will “incorporate their views and
notes” on diet and health conditions. This wording implies that PHRs have the
potential to extend beyond a strictly medical framing to include reflective activities
that engage individuals in sensemaking.

Despite an early openness in the medical informatics community to explore
alternative framings, the personal became increasingly conceptualized in a way
that was synonymous with that of patient. In what Kim et al. (2011) describe as
“a shift to patient centeredness,” the conflation of the term personal with that of
patient was directly linked to the development of EHR systems in the 1990s. In
particular, the Institute of Medicine’s 1991 report, The Computer-Based Patient
Record, an Essential Technology for Healthcare, played an influential role in helping
shape the boundaries of the electronic health records movement in the United
States. This document includes directives for digitizing provider-controlled patient
records (what would become known as EHRSs) in order to lower the rate of medical
errors (Gearson 2007). Although the report does not specifically mention personal
health records, the concept of EHRs provided an intellectual template for PHRs that
framed the personal in terms of an individual’s interaction with various clinicians
and relationship to professional medical work. An emphasis on “patient needs” in
this literature details concerns about an individual’s access and ownership to their
health information in the context of the healthcare system. Some researchers in the
medical informatics community have suggested the term “patient-controlled health
records” as a way of championing patient rights (Kim et al. 2011, emphasis added),
and advocacy for more patient control continues to be heavily reflected in recent
definitions of PHRs.

The role of the patient in managing their health information was also being
explored through commercial designs as well as policy reports. Gearson (2007)
describes the impetus for Internet health start-ups in the late 1990s like Fol-
lowme.com and WellMed.com as increasing patient safety in the healthcare system
by bridging an increasingly fragmented healthcare system. Echoing similar con-
cerns, recent corporate entrants to the web-based PHR market such as Microsoft’s
Health Vault in 2007 and Google Health in 2008 proposed to entice people to use
PHRs by giving users the option of sharing their health information with other
health information systems. Despite these efforts, the use of PHRs by the general
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public has remained low (Nazi 2013). Citing lack of widespread PHR adoption,
Google discontinued Google Health in 2012 and gave users until January 2013
to download their personal health data. Google Health’s early demise reflects a
general tempering of earlier rhetoric in media and the academy that PHRs would
“revolutionize” healthcare.

The conversation, then, has turned to how to unify patient data through the
connection of PHRs, EHRs, and other sources of electronic health data (Gearson
2007), instead of discussing PHRs as distinct systems for patient empowerment.
Healthcare providers like hospitals, insurers, and employers have offered “tethered”
PHRs that are integrated or connected with the organization’s information system.
One such example of this architecture model is Dossia founded by a consortium of
corporations including Wal-Mart and Intel. These integrated health systems often
give people access to their medical information through a “patient web portal” that
has an array of functions and tools. People can view an abstract of their health record
or parts of their clinical record, have their prescriptions filled, and make clinical
appointments. In some of these designs, patients also have the ability to add specific
types of information about their health status through journals/diary applications or
communicate to healthcare providers through secure messaging tools.

In 2003, the highly influential Markle Foundation report (2003), “Connecting
for Health,” reconceptualized the PHR as a “single, person-centered system”
(original emphasis). Unlike earlier views, the Markle report highlights the role of
the individual. This point is made again through the use of bold underlined text,
with the firmly worded statement: “The individual person is the primary user of
the PHR.” Tang et al. (2006) build on the Markle report detailing a spectrum
of designs from stand-alone applications to PHRs that are fully integrated with
the healthcare provider’s EHR system. While the authors note a PHR “includes
information managed by the individual” (original emphasis), they also acknowledge
that PHRs may contain data about other family members and even nonmedical
settings such as home and work environments. These nonmedical social contexts,
however, are not fully explored.

Defining the personal health record in relation to other electronic patient records
like the EMR and EHR has now become a common framing device in much
of the medical informatics literature. In 2008, the (US) National Alliance for
Health Information Technology published a report called “Defining Key Health
Information Technology Terms” that defined EMRs, EHRs, and PHRs (emphasis
added):

* An electronic record of health-related information on an individual that can be
created, gathered, managed, and consulted by authorized clinicians and staff
within one healthcare organization

* Anelectronic record of health-related information on an individual that conforms
to nationally recognized interoperability standards and that can be created,
managed, and consulted by authorized clinicians and staff across more than one
healthcare organization
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* An electronic record of health-related information on an individual that conforms
to nationally recognized interoperability standards and that can be drawn from
multiple sources while being managed, shared, and controlled by the individual

These definitions categorize records as different types of collaborations between
people, standards, and data. The EMR is coordinated by clinicians and staff using
the standards of a single organization, the EHR is coordinated through national
standards by clinicians and staff across multiple healthcare organizations, and the
PHR utilizes information based on national standards but is coordinated by the
individual. Accordingly, the EMR, EHR, and PHR—if fully integrated in an ideal
manner—work together to comprehensively aggregate health information for each
individual.

The report notes that given the sharing of data, it is often difficult to distinguish
between an EHR and PHR. The authors argue for a PHR that is defined primarily
in terms of information access in which the individual has “control” of their health
information. How this control actually works in relation to practicalities of system
architecture and the power dynamics of the healthcare industry, however, is less
clear. The report states, for example, that information found in the “patient portal”
interface of a typical PHR are also maintained by the healthcare provider.

Through various technological means, selected content in an EHR can be made available
for individuals to view and use in guiding activities of health and wellness through what
is called a “patient portal.” The health care provider operating the EHR system typically
controls the patient portal. Many of these portals are given the name PHR, but the source
of control of the information is important to determining whether this model is a PHR or
remains within the scope of an EHR. To be a PHR, access to the record must be managed
and controlled by the individual. Information that passes from an EHR to a PHR transfers to
the control of the individual. (National Alliance for Health Information Technology (U.S.)
2008)

The report also acknowledges that current PHRs allow individuals to enter only
limited forms of information; yet they optimistically maintain that “PHRs have the
potential to be a robust, better-assembled and more organized source of both clinical
and wellness information.” This robustness would come through the addition of new
sources of health information that extend beyond the patient-physician-pharmacy
configuration currently available in most PHRs. The report suggests that in the
future, PHRs will connect healthcare providers, healthcare clinicians, medical
devices, wellness promoters, individuals, health insurers, public health officials, and
research institutions promoting medical studies and recent publications.

It is worth pointing out that the report does not provide a discrete category for
an individual’s family and friends, at least those who are not formally designated as
“proxies” or “agents.” It is puzzling that the people often most intimately involved in
aperson’s health—a sister, a close friend with a similar health condition—are absent
from this lengthy list of health information collaborators that includes everyone
from insurance agents to academics running clinical trials.

Finally, a recent article, by Jones et al. (2010), confirms a wider trend toward
data integration in the vision of PHRs. After discussing several conceptualizations
of PHRs, they offer up a working definition:
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Electronic personal health record (PHR): a private, secure application through which an
individual many access, manage, and share his or her health information. The PHR can
include information that is entered by the consumer and/or from other sources such as
pharmacies, labs, and healthcare providers. (Jones et al. 2010)

To summarize, personal health records are defined as containing a variety of
health information, types of users, and technological tools that allow for the collec-
tion, sharing, and maintenance of health-related data. In addition, these definitions
discuss the aims of PHRs as primarily supporting the communication practices
between health professionals and patients and the integration of health information
systems. PHR models range from a data set controlled by an individual on a personal
computer to information shared between a variety of systems and organizations;
however, the definitions found within the medical informatics literature appear
to increasingly support a vision of data integration between PHRs and EHRs.
The current state of the literature emphasizes a medicalized perspective of health
information in which the personal understood primarily in terms of a patient’s role
and rights in a wider healthcare context. Hence follows the general preoccupation
in these publications with issues of information “access” and “control.”

The consequence of the personal being increasingly understood in terms of
the patient, we argue, was the loss of original concern around social context
and personal reflection. Interpretations of the personal grounded in family and
community life were sidelined; the pressing needs to integrate data across healthcare
providers and implement working health and medical systems, especially in the
United States, became the focus instead.

Recently, there appears to be a renewed interest in social contexts. Recent
position papers outlining future research directions, for example, indicate a need
to study PHR use in diverse populations such as “people with chronic conditions,
individuals with disabilities, parents with small children, people with a strong
interest in maintaining health lifestyles, and the elderly or their caregivers” (Archer
etal. 2011) and nonmedical settings like the home (Tang et al. 2006). Furthermore, it
is acknowledged that long-term sustainability issues around design and the ways in
which people might use PHRs at different periods in their lives are still not well
understood (Archer et al. 2011). In the next section, we examine an alternative
framing for the PHR that positions the personal as inherently social and grounded
in a diverse range of contextualized practices. This framing both revisits an earlier
conceptualization of the personal that guided prior studies on paper-based personal
health records and also introduces some new considerations on personhood in an
age of digital health technologies.

15.3 Theoretical (Re)Framings

We believe a more compelling framing for PcHITs can be found in theoretical
work that allows for a richer understanding of social complexity. Taken together
as a theoretical (re)framing of the personal, it challenges the idea of the per-
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sonal represented in PHR definitions as an individual, unified patient and takes
instead social arrangements as a starting point for understanding how bodies and
selves are situated, enmeshed in local contexts. This alternative understanding of
person-centeredness is furthermore explored through attending to practices.> These
practices might include patient work but also consist of a variety of other non-
biomedical activities that are a part of people’s everyday life and located within
arange of social contexts.

15.3.1 The Role of the Lifeworld in Healthcare

Medical sociologists studying doctor-patient communication have long discussed
the need to understand how the richness of people’s lives might be more meaning-
fully integrated with professional healthcare work (Rodin et al. 2009; Barry et al.
2001; Mishler 1984). It has often been noted, for instance, that the patient’s “voice
of the lifeworld” (e.g., contextually grounded experiences) is held in tension with the
physician’s “voice of medicine” (e.g., technical information) (Scambler and Britten
2001).

The need for health professionals to relate clinical information to the lifeworld
is especially important in treating people with chronic illnesses as these health
conditions are inextricably woven into the fabric of daily life. For example, Barry
et al. (2001) writes:

As the role of the GP [general practitioner] changes with the rise of chronic illness in an
aging population GPs may have to change their notions of success from purely technical
considerations to include their patients feeling understood, listened to and treated like whole
and unique human beings. (Barry et al. 2001)

Studies detailing the patient’s lifeworld present a sociological critique of profes-
sional medical practice by arguing that institutionalized healthcare too often ignores
social context, dehumanizes the patient, and “depersonalizes” health information.
Although the literature on medical sociology demonstrates a need to think holisti-
cally about health, the ways in which medical information might be integrated with
patient lifeworlds are still not well understood (Waizkin 1989, 1991).

It is worth considering then how people’s lifeworlds might be better integrated
into the design of PcHITs. Envisioning users strictly in terms of individuals, for
instance, might not resonate with people for whom the family is the most important
social unit. Designs that seek to be “person centered” rather than simply “patient
centered” would benefit from future research that investigates the important sets of
social relationships found in people’s lifeworlds.

ZPractices here focus on human action (e.g., what people do). Health practices refer to the ways
that people manage their health through specific, situated actions. For example, a person organizing
their prescriptions on the kitchen counter in order to remember taking their daily medications.



15 Designing for Lived Health: A Practice-Based Approach. .. 365

While drawing attention to the social context of health, the medical sociology
literature on the lifeworld is limited in its theoretical scope as it does not fully
grapple with the complexity of a person being a part of multiple lifeworlds; nor
does it offer a nuanced understanding of the role technological artifacts play in
shaping the personal. To do this, we turn to social analyses that offer a critique
of the self as a unified individual and suggest how PcHITs might support socially
richer conceptualizations of the personal.

15.3.2 The Personal as Practice: Embodiment, Emerging
Selves, and Health Records

Drawing from theoretical traditions across the humanities and social sciences, aca-
demic fields like science and technology studies (STS) articulate a conceptualization
of personhood that is inextricably entwined with the cultural and material worlds.
Posthumanist theorists like Haraway, for instance, attempt to disrupt and subvert
an understanding of the body as singularly human: “Why should our bodies end
at the skin?” (Haraway 1991). People and technology are in a constant state of
flux, shaping and (re)shaping one another through a variety of interactions with
different social contexts. This theoretical position implies an inherent multiplicity
in a person’s lived experience as different arrangements of technologies, processes,
and people perform new self/selves. Furthermore, a growing collection of work
has turned to practices as a theoretical lens and design methodology in which to
understand and engage with this multiplicity (Orlikowski 2000; Schatzki et al. 2001;
Suchman 2007; Danholt 2008).

In The Body Multiple (2002), a study of atherosclerosis, Mol conceptualizes
the lived experience of a disease as “multiplicities of realities” made visible
through the relations between practices of knowledge systems, the human body,
and technologies. Information is not neutral but presents a version of reality that
is always intertwined with practice (Mol 2002, p. 171). The patient record as an
information technology includes an array of discrete logics (and realities) such
as images of blood vessels, clinician notes, patient complaints, and numerical lab
results that all perform a person’s blood sugar levels. Although this information
does not neatly align, Mol maintains that the patient record holds together as a form
of coordination across the organizational contexts of healthcare institutions. In The
Logic of Care (2008), Mol further argues that for healthcare to be person centered,
policy-makers and practitioners need to grapple with contextual multiplicity by
attending to localized health practices found both within and beyond the world of
medicine.

Understanding the ways in which medical and health systems, especially PcHITs,
are related to embodiment—how the personal is digitally performed—is also a
matter of design. Berg and Harterink (2004) trace the history of medical records
from the early twentieth century and demonstrate how the medical record has
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long conceptualized the patient as a singular, independent, and rational subject.
They further argue that emerging technologies have the potential to shift our
understanding of personhood to be “decentered, dispersed, and multiplied subjects”
(Berg and Harterink 2004). Current PHRs, however, still largely design for a patient
in isolation and apart from “the mess’” that is a part of contextual specificity:
the localized practices found in particular communities, family situations, and
geographies. If one accepts Berg and Harterink’s (2004) postulation that digital
patient records can help shape and support new forms of embodiment, then one
must also think constructively about how to incorporate the contextual multiplicity
of lived experience.

Suchman (2007) presents a practice theory approach that closely examines
people’s behavior in a specific context as the starting point for design work.
Understanding people’s practices—or in Suchman’s terminology situated actions—
helps articulate the complicated arrangements of people, social processes, and
artifacts. As with Berg’s (1999) “sociotechnical” approach, Suchman holds that
good designs should embrace, rather than dismiss, the “mess” found in people’s
everyday actions be they in the home, workplace, hospital, or an online forum.

The notion of the postmodern/posthuman self as an assemblage of decentered
and dispersed subjects argues for future design directions to help people manage
a multiplicity of healthcare practices around different contexts such as family
life, religious organizations, illness support groups, and local communities. That
different types of personal health information may overlap, conflict, or coexist
does not necessarily have to lead to technical chaos or poorer health outcomes.
Disparate but meaningfully connected health information might open up new design
trajectories that enable a holistic vision of health information technology that is
integrated into people’s everyday practices and lifeworlds.

15.4 HCI/CSCW Design Approaches Toward Personal
Health

As discussed above, the vision of an “ideal” PHR underlying many of definitions
in the medical informatics community has come to a view of the “personal” that is
based primarily on the idea of a “modern self’: unified, individual, and governed
primarily by reason. This view of the personal is translated into the medicalized

3Tn earlier work (1999), Berg outlined a “sociotechnical” approach to designing health information
technology. This framework, he writes, “overtly critical of approaches that denounce the ‘messy’
and ‘ad hoc’ nature of health care work, and that attempt to structure this work through the
formal, standardized and ‘rational’ nature of IT systems. [...] It engages in constructive critique
rather than in delivering yet another set of guidelines for design and implementation.” For Berg,
design work should start with a nuanced understanding of health practices, where practices include
networks of people, tools, organizational routines, and documents. For another interpretation of
“mess” in design, see Dourish and Bell (2011).
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PHR as a well-managed data repository and coordination tool between an individual
and their healthcare team. On the other hand, the concepts of the lifeworld and
posthuman assemblages present a more nuanced understanding of the “personal”
that engages with multiplicity, temporality, materiality, and “the messiness” of
everyday life. This viewpoint reframes the personal in terms of fully contextualized
social arrangements. This would be difficult, at best, to fully incorporate in technical
systems.

The HCI/CSCW literature offers a middle ground by considering some, but not
all, contexts for situated health practices in technological designs. That is, context is
a necessary, albeit imperfect, part of the design process or is to be incorporated
partially in the design itself. HCI/CSCW prototypes that have been commonly
labeled as personal health applications (PHAs), although differing in key respects
from the PHR definitions above (and from one another as well), are aligned in their
approach to design. In attending closely to social contexts, they are representative of
HCI/CSCW research that has focused on designing health technology in “complex,
diverse, and locally situated” settings (Fitzpatrick and Ellingsen 2012).

In the following, we note two studies we believe exemplify the HCI/CSCW
approach toward a personal health record. We necessarily privilege some
HCI/CSCW studies in the following. There are many more that could have been
included (e.g., Bardram et al. 2013; Caine et al. 2010; Kientz et al. 2009; Klasnja
et al. 2010; Mynatt et al. 2001; Mamykina et al. 2008) but we did not do so for lack
of space.

Enquist and Tollmar’s (2008) Memory Stone is a record-keeping system designed
to support pregnant women, their families, and health providers in Denmark. Their
prototype both explores the personal in the context of family as well as highlights
the multiplicity of social roles such patient, parent, and caregiver that are performed
at different points in a person’s life. The design specifically engages the issues
of temporality and materiality and demonstrates how health technologies might
support a range of social “selves.”

In their study, the authors found that during pregnancy women are in contact
with multiple healthcare professionals including physicians, nurses, and midwives.
Heath data is thus distributed between many parties and contexts; furthermore, it is
both health related and social (Enquist and Tollmar 2008). One information artifact
of particular importance in Denmark is a pregnancy journal kept by women and
used as a coordinating device for health information. This jou